RADIOLOGY 


"MONTHLY JOURNAL DEVOTED TO CLINICAL RADIOLOGY AND ALLIED 
PUBLISHED BY THE RADIOLOGICAL SOCIETY OF NORTH AMERICA 


SCIENCES 





FEBRUARY 1943 





The Betatron’ 


D. W. KERST, Ph.D. 


University of Illinois, Physics Department 


HIS PAPER IS concerned with a new 
& method for electron acceleration. The 


iciples of the method, which was suc- 
fully accomplished for the first time at 
Be University of Illinois (1, 2, 3), will be 
scribed briefly, since the type of accelera- 
mused, the betatron, should find worth- 
e applications in deep therapy. 


Some 
frimental results form the subject of 
Second paper (p. 120). 
Mn the betatron energy is transferred to 
trons by the accelerating effect of a 
-varying magnetic field. Since a beta- 
fm is a powerful magnet, between the 
les of which the electrons circulate in 
Bentially one plane, the apparatus looks 
what like a small cyclotron. It oper- 
6s, however, with alternating current 
ead of direct current, and the process 
‘acceleration is entirely different from 
in the cyclotron. The betatron can 
erate particles whose velocity is very 
to the velocity of light, such as elec- 
with energy in excess of half a million 
Particles accelerated in a cyclo- 
m, on the other hand, must have a 
Kity much less than that of light, and 
mreiore only heavy positive ions can be 
trated in it to appreciable energies. 
pSlectrons from an electron gun or in- 
mor are shot into a circular path within 
@oughnut-shaped vacuum tube, while 
© Magnetic field intensity is small. As 
Accepted for publication in November 1942. 


these electrons circulate between the poles 
of the magnet, the magnetic field is in- 
creasing, and the time-rate of change of 
flux linking the orbit produces an energy 
gain per revolution equal to that produced 
by the voltage which would be read on a 
voltmeter connected to a one-turn coil 
placed at the orbit and recording instanta- 
neous voltage. 

Because of the great number of revolu- 
tions described by the electrons while the 
flux linkage is increasing, the energy in 
electron volts which is reached is roughly 
the same as the voltage generated in a 
secondary coil of the same number of turns 
placed around the magnetic core of the 
betatron and acting like a transformer 
secondary. Thus a betatron is similar to 
a transformer, but has the advantage that 
it is unnecessary to produce full voltage 
on a secondary coil and then apply that 
voltage to a high-vacuum x-ray tube. 
The electromotive force is instead con- 
tinually applied directly to the electron 
stream. 

Figure 1 shows the vacuum ‘“‘doughnut”’ 
in which the electrons circulate many 
times, having traveled as far as 200 miles 
when they finally strike the injector, where 
they produce x-rays and scatter out of 
the doughnut into the room. The orbit- 
expanding coils are not energized until 
after the electrons have been accelerated; 
they disturb the flux distribution near the 
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electron path, causing the electrons to 
spiral outward until they hit the first 
obstacle, the injector, which acts as the 
target. The injection time is indicated 
at A on the H curve in Fig. 1 (H = the 
magnetic field), and the orbit is expanded 
to the target at the time indicated by 
C, when the energy is at a maximum. 
These processes are repeated in each cycle 
with a period of three-fourths of a cycle 
when no electrons are in the doughnut. 
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The radius of curvature r of the orbit of 
an electron of momentum mv is related to 
the magnetic field causing the circular 
motion by the equation 


mv = 


in which e is the electronic charge in e.s.u, 
c is the speed of light in cm./sec., m is the 
mass of the electron in grams, v its velocity 
in cm./sec., and H the magnetic field in 
oersteds. If r is to be fixed, H must be 
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Fig. 1. 


The doughnut-shaped vacuum tube 


\ orbit 


Electrons are injected at 


time A in the magnetic cycle and directed against the target by the orbit ex- 


panding coils at time C. 


The increase in flux linkage supplies 
momentum to the electron; and were the 
magnetic field at the orbit of the electron 
not increasing simultaneously, the orbit 
would become larger and larger and soon 
strike the outer wall of the vacuum 
chamber. To hold the electron orbit at a 
fixed radius it is necessary to increase the 
magnetic field, H, in proportion to the 
momentum, mv, produced by the increas- 
ing flux linkage. This requires a special 
distribution of magnetic field, as will be 
shown in the following analysis. 


proportional to mv. By Newton's second 
law the force, f, on an electron is the time- 
rate of change of momentum, d(mv)/dt = f 
and this force is the energy gained per 
unit length of path. 

For the present purposes, let us assume 
that the electron does travel in an orbit of 
fixed radius; then, since an induced volt- 
age depends on the rate of change of flux 
linkage, the induced energy gain per centi- 
meter, f = (e/2nrc)d@/dt, where 2nr is the 
circumference of the orbit and ¢ is the 
flux linking the orbit. Integrating 
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(2) 


mv = {fat = (e 2rrc)(o = do) 


shows that the momentum is proportional 
to the change in flux linkage while the 
eectron acquired momentum, mv. Com- 
bining (1) and (2) we get 


& — o = 2rr*H (3) 


® is the flux linking the orbit when // is 
nro. This is a very fortunate result 
since, if both the field at the orbit and the 


YY YyYywpwy; 


117 


too far from the equilibrium orbit. A 
way must also be devised to introduce 
electrons so that they do not fly out of the 
acceleration region or hit the starting 
electrodes after a few revolutions. The 
theoretical treatment solved these prob- 
lems. 

The stray electrons which are deflected 
from the equilibrium orbit by scattering 
from residual gas molecules can be made 
to oscillate across the equilibrium orbit with 




















Fig.2. Curvature of lines of force between the poles of the betatron. 


There 


is a radial component to the magnetic field everywhere except in the central 


plane. 
toward this plane. 


fux within the orbit are produced in the 
same air gap in the magnetic circuit, @ is 
ro and @ is proportional to //. The 
fux condition (3) is then automatically 
satisfied. 

Although the above analysis has shown 
that, assuming 7) is fixed, the flux condi- 
tion (3) holds, the converse can and must 
be proved before the design problem can 
be considered as solved. This was done 
before the original betatron con- 
structed, and in the development of the 
complete theory (3) characteristics of the 
motion of electrons were discovered which 
play a vital part in the successful operation 
ot the induction acceleration scheme. It 
must be possible to form a coherent beam 
capable of traveling a distance of the 
order of 100 miles in the vacuum tube 
without the electrons of the beam straying 


was 


The radial component of magnetic field always forces electrons back 


a decreasing amplitude so that they even- 
tually are brought back close to the orbit. 

By shaping the magnetic field properly, 
the conditions for this oscillation can be 
fulfilled. For axial oscillation to occur, 
the magnetic lines of force must bulge out- 
wardly between the poles, as shown in 
Figure 2. Then, if an electron deviates 
from the plane of the equilibrium orbit, it 
finds itself in a magnetic field with a 
slight radial component. This radial field 
is oppositely directed on opposite sides of 
the plane of the orbit, and it forces the 
electron, no matter in which direction it 
is displaced, back toward this plane. This 
bulging of the magnetic fields is easily 
accomplished by making the air gap be- 
tween the poles increase with increasing 
radius. The pole face looks somewhat 
conical. 
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The condition imposed on the shape of 
the magnetic field for the production of 
radial oscillations is that the field should 
not decrease with radius faster than 1/r. 
This can be understood by considering 
the forces required to hold the electron in 
a circular path and the forces supplied by 


the magnetic field. Figure 3 shows the 








F, is the centripetal force mv?/r required to 
F,, = (e/c)Hr is the mag- 
Radial 


Fig. 3. 
hold an electron at radius r. 
netic force which is supplied to the electron. 
oscillation occurs about 7. 


force F, necessary to hold an electron in a 


circle of radius 7. This curve is hyper- 
bolic, since F = mv?/r and v, the velocity of 
the electron, is changing so slowly that 
many focusing oscillations occur before it 
has altered much. The force, F,,, is the 
force supplied by the magnetic field. It 
is F,,= (e/c)Hv. If the field, H, is shaped 
so that F,, is less than F, when r is less 
than the radius at the equilibrium orbit, 
then the magnetic force is not sufficient to 
hold the electron in at such a small radius. 
The electron thus will move toward the 
equilibrium orbit at 7. If, at radii greater 
than 7%, F,, is greater than F,, the mag- 
netic force is more than that necessary to 
hold the electron in a circle, and the path 
curves in toward the equilibrium orbit. 
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This shape of field is shown in Figure 3, 
Thus the stray electron will oscillate about 
ro and also across the plane of the orbit. 
Both of these oscillations are damped, 
that is, they have decreasing amplitudes, 
This is a result of the increasing strength 
of the magnetic field as time goes on: the 
amplitude is proportional to 1/H’*. The 
effect of the increasing magnetic field js 
somewhat analogous to that of a stiffening 
spring which supports an oscillating mass, 

It is because the oscillation of an electron 
is damped with a relatively large damping 
when /7 is small that electrons can be 
injected from a point at a radius slightly 
greater or smaller than 7) and not hit the 
injector again on one of the first few 
revolutions. This makes possible the proc- 
ess which is used to get the electrons 
started. 

In the original betatron this damping 
was made large by operating the magnet 
at a frequency high for such large flux 
densities in iron. Six hundred cycles per 
second alternating current were used, and 
it was estimated that the time average 
current striking the target was about 0.03 
microamperes. In spite of the small mag- 
nitude of the current, the x-ray output in 
the beam was equivalent to that from 
about one gram of radium. At the energy 
which this betatron produced, 2.3 million 
volts, the x-rays tend to go forward in the 
direction which the electrons had when 
they struck the target. This simplifies 
protection of the operator. 

The apparatus used to obtain the 20- 
million-volt results to be described in the 
following paper was constructed during a 
leave of absence from the University at 
the General Electric Company. It was 
an intermediate step toward construction 
following the university’s 100-million-volt 
design. The 20-million-volt betatron (4), 
now in use at the University of Illinois, 
operates at a frequency of 180 cycles per 
second, and it is estimated that the average 
current reaching the target can be as high 
as one microampere. An output as great 
as 50 r/min. in a thick-walled ionization 
chamber at 70 cm. has been produced at 
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the maximum energy. The x-rays go for- 
ward in a beam which is very pronounced. 
Although the output voltage of this beta- 
tron is less than ten times greater than the 
voltage of the small betatron, its weight, 
35 tons, is about 35 times greater than the 
weight of the original. 

While there was no thought that a 100- 
million-volt betatron could be useful in 
therapy, as a 20- to 30-million-volt model 
may prove to be, it was clear from the 
first operation of the original betatron, 
that we could plan to use this type of 
accelerator for certain cosmic ray work in 
our laboratory. In the design for the 
100-million-volt betatron, that was in- 
tended for construction on the university 
campus, I have attempted to save 
space and materials by using propor- 
tions which are not the same as those 
chosen for the 20-million-volt betatron. 
There is a smaller fraction of the pole face 
used for focusing and a larger fraction 
used for acceleration or increasing flux 
linkage. While the 20-million-volt beta- 


tron gives 1 million volts per inch of pole 
diameter, the large accelerator is designed 
for 3/4 inch per million volts. Power and 
heating problems were also simplified by 
designing for a 60 cycles per second fre- 
quency, which results in a 24,000 kva. unit. 

The name betatron, which is now in 
general usage among physicists, was chosen 
for the magnetic induction accelerator 
since it seems likely that the most useful 
applications of the betatron will involve 
the production of high-speed electrons or 
beta rays, as they are known in nuclear 
physics. When the Greek suffix, tron, is 
attached to the word beta, the name 
means the agency for producing high- 
energy electrons. 
University of Illinois 
Urbana, IIl. 
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Experimental Depth Dose for 


5, 10, 15 and 20-Million-Volt X-Rays’ 
H. W. KOCH, M.S., D. W. KERST, Ph.D., and P. MORRISON, Ph.D. 
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ITH THE 20-MILLION-volt electron 

beam of good intensity now pro- 
duced in the University of Illinois beta- 
tron, questions about the practical use of 
high-energy radiations can be examined. 
The most promising way to use the beta- 
tron in therapy would be to send the origi- 
nal electrons accelerated in the vacuum 
tube directly into the patient. At 20 mil- 
lion volts these electrons will penetrate as 
far as 10 cm. and no farther. Thus no 
damage is done to the back of the patient. 
Furthermore, the ionization should reach a 
maximum 7 or 8 cm. beyond the entrance 
surface for the electrons, and the damage 
could be well localized within the body. 
About a 25- or 30-million-volt betatron 
would be ideal for this work, since it has 
the right energy and a reasonable size. 
Although a sufficiently intense beam of 
electrons now comes out of the betatron, 
it is not yet in a good enough state of col- 
limation or control for practical use. 

The x-rays produced by this electron 
stream when it strikes a target cause an 
ionization intensity about as great as that 
used in practical therapy, while the dis- 
tribution of ionization in thick sections of 
tissue-like material shows features very 
advantageous for deep therapy. The chief 
characteristics of the high-energy depth- 
dose curves are: (1) that the point of 
maximum dose is as deep as 3 or 4 centi- 
meters below the surface of the phantom; 
(2) this maximum can be several times 
greater than the surface dose. X-rays in 
this energy range, therefore, will pass not 
only through the skin but also through the 
fat layer under the skin without producing 
much damage, while the tissue deeper in 
the body and near the point of maximum 

1 Read before the Radiological Society of North 


America, at the Twenty-eighth Annual Meeting, 
Chicago, Nov. 30-Dec. 4, 1942 


ionization will receive a large dose. The 
desired region in the patient can be placed 
near the point of maximum ionization in- 
tensity, if necessary by compression of his 
body, and cross-fire will be less important. 

In this discussion only experimental re- 
sults with x-rays and their explanation are 
presented. Suggestions about dosage meas- 
urement, which must be well understood, 
are also given, since these high-energy radia- 
tions have properties which do not show up 
at lower energies. 

For an understanding of the behavior of 
x-rays of ordinary therapy voltages and 
also of betatron voltages it is necessary 
to consider only the Compton absorption 
process, since it is predominantly respons- 
ible for the interaction between these x- 
rays and tissue-like material. The absorp- 
tion of an x-ray quantum will produce a 
secondary Compton electron and a secon- 
dary x-ray quantum in all cases. 

At low voltages, such as 400 kilovolts, 
the ionization appears very close to the 
point where the Compton process occurs, 
since the resulting electron has only about 
a 1-millimeter range. The shape of the 
depth-dose curve is not influenced by the 
electron range, since it is short. The 
number of x-ray quanta present at differ- 
ent depths therefore determines the shape 
of the depth-dose curves, and the low- 
voltage analysis is based on this fact. In 
this analysis, the total ionization effect 
is broken down into two parts: (@) the 
ionization due to the absorption of pri- 
mary quanta; (b) the ionization due to 
the absorption of secondary quanta (1). 

In Figure 1, curve A represents the depth 
dose observed at 400 kilovolts with the 
same phantom and ionization chamber 
which were used at 20 million electron 
volts. A 400-kilovolt therapy unit at the 
University of Illinois College of Medicine 


120 





Vol. 40 


was used in this work. The components 
of this curve are B, the ionization due to 
primary quanta, which falls off approxi- 
mately exponentially, and C, the ioniza- 
tion due to secondary quanta which are 
produced at the expense of the primaries, 
ghich rises to a maximum and then de- 
creases When more secondaries are ab- 
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quanta curve, corresponding to C, has a 
very broad maximum at so great a depth 
that it may be behind the phantom be- 
cause of the great penetrability. This 
curve is not shown. Second, the electrons 
produced in the Compton absorption proc- 
ess may have a range as great as 10 cm. in 
tissue, and the assumption that the ioni- 





4 
cm 


Fig. 1. A. 


Ionization due to secondary quanta. 
lion electron volts. 


sorbed than are produced. This theory for 
the composition of the depth-dose curve 
fits the data well in the low-voltage region 
up to 1 million where it has been tested. 
Two differences in the behavior of radia- 
tion at energies as high as 20 million elec- 
tron volts are responsible for the change in 
the distribution of ionization produced 
(Curve D, Fig. 1). First, the secondary 


OF WATER 


Observed depth dose at 400 kv.p. with 1.15 mm. Sn, 0.25 mm 
Cu, 1.0 mm. Al filter, and a 9 X 9-cm. field. B. 
D. Distribution of ionization at 20 mil- 
Points are experimental; solid curve is the theoretical fit. 


Primary ionization. C. 


zation is produced at the location of the 
Compton process is no longer valid. This 
second effect is responsible for the large 
rise to a maximum ionization well below the 
surface of the phantom. Since the high- 
energy Compton electrons go approxi- 
mately forward, the electrons crossing a 
given plane beneath the surface are mainly 
those produced in all the material between 
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the surface and the plane. The number of 
these electrons increases with the depth, 
t.e., With the amount of material (between 
this plane and the surface) which is re- 
sponsible for the production of the secon- 
dary electrons. Not until depths so great 
that a large fraction of the electrons pro- 
duced in the surface layer have been 
stopped does the ionization begin to de- 
crease. The height of the resulting maxi- 
mum of ionization is also somewhat en- 
hanced by the increasing ionization near 
the middle of the path of the secondary 
electrons. 
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section of the phantom could be placed at 
any desired depth. Figure 2 shows the 
ionization chamber. The grounded plate 
was a ().005-inch aluminum foil stretched 
over lucite. Two millimeters behind this 
was a circular copper plate, which could 
be charged through an adapter by means 
of the Victoreen electroscope. Since the 
secondary electrons causing the ionization 
can easily penetrate the aluminum sheet, 
the amount of discharge gave an indication 
of the ionization at a well defined position 
in the phantom. The variable separation 
of the plates in the chamber afforded a 
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Fig. 2. 


APPARATUS 


The x-ray beam from the betatron, de- 
scribed in the preceding paper (see also 
reference 2), is well confined in a cone 
about the direction in which the electrons 


travel when they strike the target. This 
cone is capable of covering a field 10 X 10 
cm. at a phantom distance of 70 cm. from 
a semi-thick tungsten target. X-ray in- 
tensities as high as 50 r per minute at 70) 
cm. have been measured in a thick-walled 
chamber. Depth-dose measurements of 
the ionization were made in a pressdwood 
phantom. Twenty-six 1/4-inch sheets of 
pressdwood formed a phantom 40 X 40 X 
16.5 cm. For measurements near the sur- 
face, where the ionization rises rapidly, 
a 1/8-inch sheet was used. 

The ionization chamber was fitted into 
a hole in four sheets of pressdwood. This 
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Ionization chamber. 


convenient means for adjusting capaci- 
tances. Not shown in the figure is an 
aquadag coat establishing ground poten- 
tial on all exterior lucite surfaces. Figure 
3 shows the phantom in position in front 
of the betatron. 


EXPERIMENTAL RESULTS 
The depth-dose curves (Fig. 4) were 
taken with x-ray energies of 5, 10, 15, and 
20 million electron volts. Since the density 
of the pressdwood used was 0.65 gm./C.c., 
all experimental results were converted to 
water equivalent. Allowance was made 
not only for the difference in density of 
pressdwood and water but also for the 9 
per cent smaller range of electrons in 
water than in pressdwood of the same den- 
sity. The equivalent water phantom has 

a 45-cm. target-to-surface distance. 
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Fig. 3. Phantom in position in front of the betatron 


In low-voltage therapy depth-dose 
curves are given as per cent of surface dose, 
since the surface is the point of maximum 
ionization. At the voltage used in these 
experiments, however, the maximum is 
well below the surface of the phantom. 
The data have therefore been replotted in 
Figure 5 in a more useful form, as per cent 
of peak ionization. One of the important 
leatures of these high-energy radiations 
shown here is that the point of maximum 
ionization moves into the phantom with 
increasing energy and that the maximum 
becomes broader. This trend fits in well 
with the results found by Trump (3) in the 
range below 4 million volts. 

The per cent of peak dose found at 10 
tm. is shown in Figure 6. A dose as high 
as 75 per cent is found at 20 million volts 
with the target-to-surface distance only 


45 centimeters. With the skin-target dis- 
tance increased to 7() centimeters this dose 
would be higher. 


THEORY 


A practical theory of the depth dose may 
be made for these energies by a simple ex- 
tension of the method used at energies be- 


low 1 Mev (1). Just as at the lower ener- 
gies (4), measurement of the ionization 
against depth with a very small field (about 
1 sq. cm.), obtained by collimation with 
pierced heavy lead blocks, showed a nearly 
exponential fall, when corrected for the in- 
verse square effect. For a 14-Mev elec- 
tron beam, the absorption coefficient of 
the x-rays produced was that of a 7-Mev 
gamma-ray. The theory is based on this 
fact: that the inhomogeneous primary x- 
ray beam is absorbed as though it were a 
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Fig. 4. Experimental rest'ts referred to surface dose. Target-to-surface dis- 
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monochromatic X-ray of about half the 
maximum energy. 

When the field is large, secondary radia- 
tion also contributes to the ionization. 
In notation like that of reference 2, the 
ratio of secondary ionization to initial in- 
tensity is 


Io/Io = fofe mile "* e~"*)/(ui — me) 


Here f,, is the number of electrons pro- 
duced per secondary quantum, f, is the 
number of secondary quanta per primary 
quantum absorbed, and y;, uw. are absorp- 
tion coefficients for primary and secondary 
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quanta, respectively. Near the surface, 
secondaries are unimportant, but the ioni- 
zation rises because the electrons contrib- 
ute over their entire range. In this region, 
with the same notation, I,/I) = f.(1 — 
é™*) up to a depth r, the range of the 
Compton electrons. The primary beyond 
this depth is proportional to e~“*. The 
constant is determined by fitting at the 
depth r, because the ionization is, of course, 
continuous. The effective electron range, 
,is3.5 cm. at 10 Mev. 

These formulae imply that the ionization 
produced by an electron is constant until 


DeptH Dose For 5, 10, 15 AND 20-MILLION-VoLT X-Rays 


Per cent of peak dose found at 10 cm 
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the end of its range. For electrons around 
10 Mev, the ionization actually builds up 
rapidly through about half the range, then 
falls more slowly. A crude way to include 
this effect is to represent the ionization as 
constant for two-thirds of the range, then 
constant but only two-thirds as great until 
the end. This was done in the plotted 
curve. 

It is not consistent to attempt a better 
treatment of the electron-range effect be- 
cause this non-uniform ionization is chiefly 
the result of multiple scattering, which 
causes the electron path to be a very 


10 


E.v 


Crosses indicate Trump’s data 


not approximately 


complete 


tortuous even 
straight statistical discussion 
of which has not been given. Nor are the 
electrons produced moving in a parallel 
beam. Also, the effect of the soft compo- 
nent of the x-ray beam will be greatest in 
these surface layers, as a comparison of the 
curve and points in Figure 1 will show. 


one 


DISCUSSION 
Experience in -taking these data has 
shown that the surface dose can be greatly 
affected by stray electrons striking the 
phantom. These electrons arise from two 
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sources; some are original beam electrons 
which escape in large numbers from the 
acceleration chamber and others are Comp- 
ton electrons scattered from objects near 
the x-ray beam. To obtain consistent re- 
sults the primary electrons were stopped 
by absorbers placed close to the target, 
and the secondaries were avoided by keep- 
ing scattering objects from the vicinity of 
the beam. The magnetic field of the beta- 
tron undoubtedly removes a great number 
of secondary electrons. The fact that the 
per cent of peak dose found at the surface 
depends critically on the success in elimi- 
nating stray electrons indicates that it is 
dangerous to estimate depth doses from 
measurements of the surface ionization. A 
safe procedure for determining absolute 
dosages is to surround the thimble meter 
with a thick wall of material equivalent 
to 10 cm. of water. Dosages occurring at 
other depths could then be obtained by re- 
ferring to Figure 5. 

With the short. skin-target distances 


used in these experiments, the exit surface 
dose is kept down to a value comparable 


with the entrance surface dose. The in- 
verse-square law must be relied upon to 
reduce this exit dose. Since 45 cm. is 
about as close to the target of a 20-million- 
volt betatron as a phantom can be placed, 
higher energies and larger apparatus make 
it more difficult to depress the exit dose. 


University of Illinois 
Urbana, IIl 
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DISCUSSION 


Kenneth Corrigan, Ph.D. (Detroit, Michigan): 
One thing that Professor Kerst has brought out very 
well is that the betatron is not a sudden inspiration, 
The fact is that many people theorized vaguely 
about the acceleration of electrons by magnetic in 
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duction for some years before this development was 
started. It remained for Professor Kerst to refine 
the vague thoughts to a precise scientific theory 
which he did by working out the equations of his 
process. He then had both the imagination ang 
the perseverance to see the theory through into 
substance. 

Concerning the measurement on the beam from 
the betatron, I would like to ask why a c« »pper plate 
was used in the ionization chamber and just how 
this plate may have affected the measurements, It 
is obvious that at the voltages involved in this 
presentation, the absorption coefficient for copper 
cannot differ appreciably from that for lighter ele. 
ments, but since the rest of us have not had the 
opportunity to make measurements at these volt- 
ages, a more exact statement would be of interest, 

Also, we should like to hear a word about the prob- 
lem of protection. Approximately how much pro- 
tective material is needed, and what kind is best? 

It is rare indeed for any society to hear a paper in 
which everything from the inception of the idea 
through the development and on finally to such 
routine considerations as depth dose measurements 
is presented at once. Professor Kerst’s will prob- 
ably prove to be the year’s outstanding contribution. 


Helen B. Flynn. M.D. (Chicago, IIl.): It was 
stated that both electrons and x-rays emerge from 
the betatron. Is there any way to determine 
whether the electrons are positively or negatively 
charged after they leave the machine? 


Milton Friedman, M.D. (New York, N. Y.) 
In his discussion Professor Kerst mentioned the fact 
that there should be a peak of ionization at a depth 
of 7 or 8 cm., but in a subsequent curve a peak was 
shown at about 3.5 or 4.cm. Could he clarify this 
point? 


Leonidas Marinelli, M.A. (New York, N. Y.): 
I should like to know how large fields could be 
covered practically with a betatron at the present 
moment with a certain degree of uniformity—say, 
within 25 per cent from the edge to the center. 


D. W. Kerst, Ph.D. (closing): In answering Dr. 
Corrigan’s question about the use of copper as the 
back plate in the ionization chamber, I can say that 
it was a thin plate about 0.015 inch thick and that it 
probably would cut out only a very small fraction 
of the back-scattered radiation. We have tested 
back-scattering and have found that at 20 million 
volts it is of the order of 10 to 13 per cent. There 
would probably be a slight increase in the sensitivity 
of the ionization chamber produced by the multiple 
scattering of electrons in this sheet of copper. Such 
an effect has been observed in other circumstances. 

The x-ray protection about which Dr. Corrigan 
asked is obtained mainly by staying out of the beam 
from the betatron. The control panel is situated 
about 20 feet toward the side and back of the x-ray 


machine. A two-foot concrete block wall shields 
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most of the laboratory behind the betatron from 
the electrons which come out in all directions from 
the doughnut and from the small intensity of x-rays 
ghich come out of the back of the machine. The 
t of the room and the control stand are shielded 


res 
an additional two feet of concrete blocks, and 


hy 
vy @ 


the x-ray intensity in a region of the laboratory near 


the control stand is only two to four times as large as 


the ordinary cosmic ray intensity to which we are 
continually exposed. 

Dr. Flynn asked about the sign of charge on the 
electrons which emerge from the betatron. Most of 
them are negative electrons, since their paths are 
bent in the proper direction by the fringing mag 
netic field about the magnet; but some positive 
electrons are undoubtedly created at the x-ray 
target. 

Dr. Friedman’s question about the position of 
the peaks of ionization can be cleared up by re- 
stating what the peaks were. The experimental 
curves shown were obtained with x-rays which pene- 
trated the phantom, and a maximum ionization was 
created about 3.5 to 4 cm. below the surface when 
the betatron was operating at 20 million volts. The 
ther ionization distribution referred to in the dis- 
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cussion is that which is expected to occur when the 
original electrons from the betatron are sent into a 
phantom. According to Dr. Morrison's estimates 
the ionization distribution should rise to a maximum 
at about 7 or 8 cm. below the surface due to the 
multiple scattering of electrons, and then it would 
fall to zero at the extreme range of the electrons, 
which is 10 cm. for 20-million-volt electrons. 

The size of the field, which Dr. Marinelli would 
like discussed, was roughly determined by isodose 
curves taken photographically by putting a large 
film in a phantom and sending the x-rays into the 
phantom in the plane of the film. We did this 
experiment at the suggestion of Dr. H. Quastler, of 
the Carle Hospital Clinic in Urbana. Measure- 
ments with the densitometer on the photographic 
film indicated that the intensity of ionization 
diminishes to 50 per cent about 5 cm. from the 
This gives a width of the beam at 
The surface of the 


beam axis. 
half maximum of about 10 cm. 
phantom was placed 70 cm. from the target, and no 
cone was used in front of the betatron. It is a 
natural tendency of high-energy x-rays to proceed 
in the direction which the electrons producing them 
had when they struck the target. 
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HE ROENTGEN appearance of the small 

bowel in neoplastic disease and in cer- 
tain types of inflammation ordinarily can 
be correlated adequately with the gross 
pathological appearance of the involved 
segments. The factors concerned in the 
production of certain abnormalities, how- 
ever, which have been grouped together 
under the term “deficiency pattern’’ have 
been the subject of considerable specula- 
tion and investigation. In the present 
study the clinical data in a group of cases 
which revealed this pattern were reviewed 
and certain limited experiments were car- 
ried out. The group consisted chiefly of 
6 cases of the acute phase of granulomatous 
jejuno-ileitis, 24 of sprue, 13 of celiac dis- 
ease, and 9 of definite avitaminosis. 

The roentgen changes under discussion 
are: (1) variations in motility and tone, 
(2) dilatation of loops, (3) abnormal seg- 
mentation, (4) coarsening or obliteration 
of the mucosal folds, and (5) flocculation of 
the barium. The pattern is found in a 
variety of circumstances. It can be shown 
regularly in primary deficiency states and is 
seen occasionally in secondary deficiency 
complicating an existing gastro-intestinal 
lesion. It occurs in conditions such as pan- 
creatic insufficiency and icterus, in which 
there may be interference with fat absorp- 
tion, and in single cases of hyperthyroid- 
ism, hyperparathyroidism, and regional 
enteritis in which there is no known de- 
ficiency except such as might be attributed 
to diarrhea. The occurrence of the pattern 
in certain emotional and allergic states in- 
dicates that it can occur in the absence 
of known deficiency. The term ‘‘defi- 
ciency pattern,’’ therefore, is a misnomer 
and might better be replaced by a detailed 
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description of the findings in the individual 
case. 

It is evident from our cases that an acute 
inflammatory process can produce a pat- 
tern which is indistinguishable from the 
so-called ‘“‘deficiency pattern.”’ Its occur- 
rence in acute granulomatous jejuno-ileitis 
(Case 1), in the absence of clinical and lab- 
oratory evidence of nutritional deficiency, 
indicates that the pattern can be produced 
by a process consisting of inflammation, 
edema, and thickening of the submucosa 
with acute ulcerations in the mucosa (14). 
Thickening of the mesentery may or may 
not be of importance in the production 
of the pattern. There is a large number 
of cases in which the differentiation of 
atypical but primary sprue from nutritional 


deficiency secondary to chronic inflam- 


mation is difficult (Case 2). Because the 
disease of the small bowel is extensive and 
acute surgical episodes do not occur, ex- 
ploration is not indicated, and pathological 
study is not available. The clinical simi- 
larity to the chronic phase of granulomatous 
jejuno-ileitis is sufficiently close, however, 
to suggest strongly that, even if primary 
nutritional deficiency is present, a chronic 
low-grade inflammatory process also will 
be found. It is likely that in these cases 
the local infiltration accounts for the small 
bowel pattern. 

In sprue, on the other hand, although 
low-grade inflammatory changes usually 
are found, and occasionally a marked mu- 
cosal atrophy, the changes are mild. They 
consist of edema, congestion, round-cell 
infiltration, and fibrosis in the submucosa, 
atrophy of the mucosa, and degenerative 
changes in muscle and ganglion cells. There 
is neither rigidity nor stenosis. However, 
though the precise mechanism is unknown, 
considerable evidence can be elicited that 
these changes individually are capable 0! 
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producing the abnormal roentgen findings. 
For example, edema alone can produce 
segmentation and unequally dilated loops, 
as is shown by the roentgen appearance of 
the small bowel in acute allergic enteritis 
in which there is an acute edema of the in- 
testinal wall which returns to normal fol- 
lowing the administration of adrenalin. 
Hypoproteinemia, as in nephrosis, is asso- 
cated with edema of the submucosa, 
which probably accounts for the segmen- 
tation found in this disease. Segmenta- 
tion, even in the absence of ascites, is seen 
also in cases of cirrhosis of the liver, a con- 
dition in which edema is present, and, in 
rare cases, phlegmonous inflammation. 
The investigations of Oettel and Thaddea 
(11) indicate that edema is an early finding 
insprue. They showed that low values for 
plasma albumin with edema can exist for 
years before the appearance of gastro-in- 
testinal symptoms. 

Atrophy of the mucosa can account for 
the roentgen appearance of coarsening or 
obliteration of the mucosal folds. Kantor 
(6) was able to correlate closely mucosal 
atrophy and the roentgen appearance of 
jroning-out’’ of the corresponding jejunal 
segment in a single postmortem case of 
sprue. That a pathological process limited 
to the mucous membrane can produce seg- 
mentation, dilatation and an “‘ironed-out”’ 
mucosal pattern is illustrated by one of 
our cases, in which the infiltration was due 
toamyloid. Accentuation of the jejunal 
mucosal pattern is not so easily explained, 
but may depend on the fact that the mucous 
membrane is the origin of many reflexes, 
disturbances in which modify muscle con- 
traction. 

The role of muscle damage itself, per- 
haps on a metabolic basis, has not been 
emphasized sufficiently. Fischer (2), for 
example, found hemofuscin in the muscu- 
laris propria in sprue. Klemperer (7) also 
noted this pigment in two cases with a 
sprue syndrome in which a ‘“‘deficiency 
pattern’’ had been demonstrated previ- 
ously. One was a typical case of non- 
tropical sprue. The other was a caSe of 
lymphosarcoma of the small bowel which, 
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clinically, presented a sprue syndrome. 
In the absence of sprue, hemofuscin has 
been found in the smooth intestinal muscle 
in only two other cases in this hospital. In 
one, there was an acute and chronic ileo- 
colitis which was not striking and might 
have been secondary to diarrhea. This 
patient, however, had a hemorrhagic dia- 
thesis suggesting a deficiency of at least 
vitamin K. The other was a case of cho- 
langitic cirrhosis with severe icterus. 
The only common denominator which sug- 
gests itself in these four cases is a disturb- 
ance in fat metabolism or absorption. 
The response of the pattern in sprue to 
““specific’’ therapy is important. In our 
cases, a marked improvement was ob- 
served in 50 per cent of the cases following 
the administration of liver. There was 
some question whether the pattern ever 
returned completely to normal. Despite 
careful analysis of the clinical data, no 
correlation between response to therapy 
and the severity and duration of disease 
could be made out. Case 3 illustrates a 
satisfactory small bowel response. Cer- 
tainly, the persistence of abnormalities 
despite profound clinical improvement is 
consistent with residual inflammatory dis- 
ease, just as it is in granulomatous jejuno- 
ileitis. Our Case 4 also illustrates this 
point. In this case, there was no response 
to liver therapy. There was improvement 
in the pattern when the patient was given 
a celiac diet, but distinct abnormalities re- 
mained. Frequently steatorrhea disap- 
pears but the deficiency pattern does not 
change. This suggests local disease of the 
small bowel wall. If Hurst (5) is correct 
in assuming that paralysis of the muscularis 
mucosa is responsible for steatorrhea, dis- 
appearance of the latter should be associ- 
ated with improvement, or at least change, 
in the appearance of the small bowel. The 
disappearance of steatorrhea did _ not 
change the pattern. Hence it is unlikely 
that the excess split fat is responsible for 
the abnormalities. The possibility that 
bowel content does influence the pattern 
to some degree is conceivable, nevertheless, 
since non-absorbable hydrocarbons, such 
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as mineral oil, result in a segmental distri- 

bution of the barium. Furthermore, excess 

fat in the form of cream added to the bar- 
ium meal regularly produces a peculiar 
mottling similar to that seen occasionally 

in sprue (13). 

The neurogenic theory has been ably set 
forth by Golden (3), who suggests that as a 
result of interference with or damage to 
the plexuses there is (a) a defective re- 
sponse of the circular and longitudinal 
muscles to the normal stimulus of intes- 
tinal content which produces changes in 
motility and tone as well as segmentation 
and (6) a defect in the function of the mus- 
cularis mucosa resulting in changes in the 
mucosal folds. Hurst (5) elaborated a 
similar thesis as regards sprue and celiac 
disease, suggesting that the paralysis of the 
muscularis mucosa results in a loss of the 
pumping action of the villi by means of 
which fat is conveyed in the larger lacteals. 
He suggests that there is a loss in the nor- 
mal stimulation of Meissner’s plexus. In 
this way, the entire mechanism of the 
small bowel pattern in deficiency states is 
related to the alteration in the nerve plex- 
uses. This hypothesis is based upon the 
following evidence: 

1. Histological evidence of damage to 
intramural nerve cells in experimental 
and clinical advanced deficiency states. 
The importance of vitamin B in in- 
tracellular oxidation processes, and 
therefore presumably in normal nerve 
function. 

The small bowel pattern in infants, 
which resembles closely the ‘‘deficiency 
pattern,” and is thought to be due to 
incomplete development of the nervous 
system. 

The possibility that motor disturb- 
ances in the intestine may result from 
nerve impulses arising outside the 
intestinal wall. The effect of emotional 
disturbance on the small bowel pattern 
is cited. 

The pathologic changes in the intes- 
tinal wall occurring as the result of long 
continued nutritional deficiency seem 
to vary widely in different individuals 
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but damage to the intramural nervoys 
system is thought to be common to all. 

In an investigation of some of the impli- 
cations of this hypothesis in our group 
of cases the following results have been 
obtained: 

1. The histology of the small bowel was 
reviewed. It became apparent that gan- 
glion cell vacuolization must be interpreted 
with considerable caution. Vacuolization 
of the ganglion cells in Auerbach’s plexus 
was observed commonly in cases in which 
there was no known deficiency (7). These 
changes were noted recently, for example, 
in an appendix which was removed rou- 
tinely in the course of a hysterectomy. 
Furthermore, degeneration often could be 
accounted for by interference with circula- 
tion resulting from edema and infiltration, 
as Golden pointed out. 

2. The importance of various com- 
ponents of the vitamin B complex in cel- 
lular metabolism is not questioned. It is 
very likely that normal nerve function is 
not maintained in an advanced deficiency. 
Furthermore, in deficiency of certain com- 
ponents, such as thiamine, there is a predi- 
lection for the production of nerve damage. 
There is also considerable evidence, how- 
ever, that the metabolism of other tissues 
is seriously disturbed, which might be just 
as potent in producing derangement of the 
small bowel. It seems significant that in 
the clinical cases of vitamin B deficiency 
in which peripheral neuritis is a feature, 
and in which, therefore, degeneration of the 
visceral nerve plexuses might also be ex- 
pected, small bowel abnormalities are not 
frequent. Either, therefore, a coincidental 
visceral neuropathy is absent or it is not 
sufficient to produce changes in the small 
bowel pattern. Pernicious anemia is 
another condition in which peripheral 
neuritis is frequent but a “deficiency pat- 
tern” has not been found. On the other 
hand, if the pattern in sprue is due to a 
visceral neuropathy, the infrequency of 
peripheral neuritis in this condition is 
noteworthy. Woitman and Heck (16) re- 
ported clinical signs in 11 out of 29 cases, 
which, however, is a higher incidence than 
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we have encountered. Certainly lack of 
vitamin B is not essential to the production 
of the ‘deficiency pattern,”’ since typical 
changes have been observed in cases of 
pancreatic insufficiency (12) in which there 
jsno known deficiency of this vitamin. 

3. We have attempted, by the adminis- 
tration of drugs, to investigate, in a limited 
way, the importance of the autonomic 
nervous system in the formation of the 
small bowel pattern in sprue. If there is 
degeneration of some of the parasympa- 
thetic plexuses in the small bowel wall, it 
would be anticipated that interference with 
vagus action would produce a somewhat 
similar response in the normal small bowel. 
It has been previously noted, however, 
that atropine to tolerance does not change 
the pattern (13). Furthermore, we have 


had the opportunity to observe the small 
bowel in one case following bilateral vagot- 
omy and in another in which the vagi 
were sectioned above the diaphragm. While 
these operations did not remove all of the 
vagus action, there must have been serious 


impairment. In each instance a slight de- 
lay in transit time of the barium was noted. 
Where the vagus was sectioned above the 
diaphragm, a slight tendency to segmenta- 
tion appeared; in the other instance no 
abnormality was seen. In neither case was 
there a change in the mucosal pattern. 
Interference with the vagus activity in 
cases showing a deficiency pattern also 
yielded interesting results. When hyper- 
activity of the parasympathetic action is 
present, it can be blocked by atropine, a 
drug which acts at the end organ. In one 
case, for example, infestation with Strongy- 
loides and Schistosoma resulted in a non- 
specific irritation of the small bowel, the 
roentgen appearance of which was much 
like the usual deficiency pattern. This 
efiect was counteracted completely by the 
administration of atropine. It is reason- 
able to suggest that in sprue, if segmenta- 
tion is to be accounted for by degeneration 
of some of the ganglion cells, disturbed ac- 
tivity of the parasympathetics should be 


present, at least in those instances in which 


the degeneration is proceeding actively. 
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Hence atropine should modify the small 
bowel pattern in these cases. In 6 patients 
with sprue who received atropine to toler- 
ance, there was no effect on the sprue pat- 
tern. In 4 of these patients the pattern 
returned to normal following liver therapy, 
indicating that the factors producing the 
deficiency pattern had not induced per- 
manent changes. In only one case (Case 5) 
there was reduced irritability following 
administration of atropine, but no change 
in segmentation and flattening of the mu- 
cosa was observed, the implication being 
that hyperirritability of the parasympa- 
thetics, when present, is an added phenome- 
non and can be blocked by atropine. 

These patients were also given benze- 
drine in doses which in normal subjects 
produce no change in the pattern but do 
delay transit time (13). There was no ef- 
fect whatsoever on the “‘sprue’’ pattern. 
This drug ordinarily has a sympatho- 
mimetic action, in addition to an atropine- 
like action, and might be expected further 
to modify reflexes if they were already dis- 
turbed. 

4. The small bowel pattern in infants 
which resembles a deficiency pattern has 
been explained by “incomplete develop- 
ment of the nervous system,’’ implying 
that the autonomic system also is not fully 
developed. Mackie (9), for example, cites 
as evidence the presence of a positive 
Babinski reflex in infants. This indication 
of incomplete myelinization of the pyrami- 
dal tracts, however, probably has no re- 
lation to the vegetative nervous system, 
which is phylogenetically the older system 
and whose postganglionic fibers never be- 
come myelinated. The observations of 
Zwerling and Nelson (17), who found a de- 
ficiency pattern in 38 out of 77 normal 
children between the ages of three months 
and eleven years, are of great interest. In 
only 5 cases was a completely normal adult 
pattern found, the earliest being in an in- 
fant of eleven months. If the infantile 
pattern is due to incomplete development 
of the autonomic system, we must assume 
that development is not completed in 
many cases until well along in childhood, 
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Fig. 1. Case 1: Granulomatous jejuno-ileitis. 


Appearance of stenosis and rigidity in two years 
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Original 


pattern could not be differentiated from ‘‘deficiency pattern.”’ 


which certainly is not substantiated when 
comparison is made with other autonomic 
functions. 

5. The possibility that the infantile 
pattern is due to a modified muscle action 
as the result of a heightened adrenalin sen- 
sitivity of the end organ in young children, 
as in young animals, should be seriously 
considered. Although Zwerling and Nelson 
noted no change when their examination 
was repeated in 5 cases and when the 
children were less emotionally upset, a 
hormonal mechanism is likely to be im- 
portant in the formation of the childhood 
pattern. For example, we have been able to 
produce an abnormal pattern in a sensitive 
adult by the use of adrenalin. 

CONCLUSIONS 

1. The term “deficiency pattern’ has 
been used loosely to designate the roentgen 
appearance of the small bowel when there 
is segmentation with changes in motility, 
tone, and mucosal pattern. There is no 
definite reason, at the present time, to as- 
sume that these findings are necessarily 
variations of a single pattern with a com- 
mon pathogenesis. 


2. Edema and infiltration of the sub- 
mucosa, atrophy of the mucosa, muscle 
damage, and nerve degeneration, modified 
at times by abnormal bowel content and by 
unusual hormonal or nervous stimuli, in- 
dividually are sufficient to produce the 
‘deficiency pattern.’’ In some diseases, 
such as granulomatous jejuno-ileitis and 
allergic enteritis, there is no reason to sus- 
pect that any other factors are operating. 


3. In nutritional deficiency, although 
the local inflammatory changes are suffi- 
cient to produce the abnormal small bowel 
pattern, a primary tissue disturbance may 
be produced by the deficiency and, as a re- 
sult, interference with the normal intestinal 
reflexes. However, the pathway or tissue 
through which these deficiencies may oper- 
ate to produce the small bowel abnormali- 
ties remains undetermined. 


4. There is experimental evidence (4) 
which suggests that the pattern can be 
produced by deficiency in certain vitamin 


B components. There is no established 
proof concerning which components are 
lacking either in experimental or human 
disease. 
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CASE REPORTS 
Baehr): 


Case 1 (No. 481165, service of Dr. G. 
1938 


Rr. C., a 19 vear-old male, was admitted in 


complaining of diarrhea with 10 to 12 bowel move- 


ments daily, which were occasionally bloody. 
Abdominal pain was present, with loss of 15 Ib. in 
weight. The patient was acutely ill, his tempera- 
ture being septic in type. A mild secondary 
anemia and moderate leukocytosis were present. 
Stools were positive to guaiac test. On one occa- 
son, a Flexner dysentery bacillus was cultured from 
the stool and a positive blood agglutination for the 
same organism was obtained. 

Barium enema examination showed slight irrita 
wility and loss of haustration of the descending 
colon. A barium meal study revealed a coarsening 
f{ the jejunal pattern with ironing out in some 
areas, segmentation with dilatation throughout 
the small bowel, with flocculation of the barium. 
The terminal ileum appeared involved. During 
the next two years there were several mild recur- 
rences. The small bowel disease progressed to 
rigidity and stenosis of several loops, indicating 
chronic granulomatous jejuno-ileitis. (Fig. 1.) 

Case 2 (No. 429286, service of Dr. G. Baehr) 

W., a female, aged 31 years, was admitted in 
September 1938 with a history of diarrhea for two 
ears. Bowel movements occurred 12 to 14 times 
laily and recently had been bloody. Physical 
examination revealed early clubbing and ankle 
edema. There were physical signs of mitral stenosis 
and insufficiency. During the hospital stay, aph- 
thous uleers were seen in the mouth occasionally. 
{ cryptitis with an anal fissure and hemorrhoids 
were noted. The patient had received x-ray treat- 
ment to the neck for hyperthyroidism eleven years 
previously. 

Blood studies showed a mild secondary micro- 
‘ytic hypochromic anemia; blood platelets 240,000; 
reticulocytes less than 0.5 per cent; total blood 
protein 5 gm. per cent; serum calcium 8.4 mg. per 
cent. An oral glucose tolerance test revealed an 
almost flatcurve. The intravenous test was normal. 
The gastric content showed no abnormality. Fat 
im the stool varied between 25 and 39 per cent of the 
total dried content. Stool cultures were negative. 
Barium enema examination showed no definite 
abnormalities. Barium meal studies revealed seg- 
mentation with dilatation of the small bowel loops, 
particularly the ileum. There was a moderate 
cinical improvement on a high-protein, low-fat 
det, with vitamin B complex and parenteral ad- 
mmistration of liver. There was no change in the 
appearance of the small bowel pattern. The 
classification of this patient’s condition appears to 
be impossible at this time. The available evidence 
can be considered as pointing to inflammatory or 
deficiency disease. (Fig. 2.) 

Case 3 (No. 451604, service of Dr. B. S. Open 
heimer): R. F., male, aged 54 years, was admitted 


Fig. 2. Case 2: Deficiency pattern presumably 
due to local inflammatory disease Clinically the case 
is indistinguishable from non-tropical sprue 


Jan. 24, 1940. He was a Porto Rican laborer who 
had lived in the United States for twelve years. 
He had yellow fever at twenty and an operation 
on inguinal buboes twenty-eight years prior to ad- 
mission. Six months before admission he began 
to suffer from weakness, anorexia, and diarrhea, 
with frequent watery stools and loss of 29 Ib. in 
weight. Two months before admission, bloating, 
borborygmi, and diarrhea became severe. 

The tongue was beefy red. There was no definite 
atrophy or glossitis. The pharynx was pale, the 
chest clear. There was a slight clubbing of fingers 
and toes. 

Blood studies showed: hemoglobin 63 per cent; 
color index 1.2; white cells 5,900; platelets 140,000; 
hematocrit reading 21 per cent. Reticulocytes were 
less than 0.5 per cent, total blood protein 6.2 gm.; 
albumin 4.5 gm.; phosphorus 3 mg. per cent. 
The Janney test revealed a flat curve. Gastric 
content showed free hydrochloric acid 10, total 30. 
The stools were yellowish and frothy but no blood 
or mucus was present. 

A gastro-intestinal roentgen series revealed seg- 
mental dilatation with coarsening, decrease to 
absence of mucosal pattern, flocculation, and 
hypomotility. The changes were The 
colon showed irregular mottling, presumably due to 
abnormal content. 

The patient received liver intramuscularly twice 
weekly and a high-protein, low-fat diet was recom- 
There was marked clinical improvement 
The patient has 


severe. 


mended. 
with disappearance of steatorrhea. 
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Fig. 3. Case 3: Non-tropical sprue showing marked improvement in the small bowel pattern following specific 
therapy 
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Fig. 4. Case 4: Non-tropical sprue. No response to liver therapy. Marked improvement on a celiac diet 
(Roentgenogram on the left was made in 1942 impr 
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DISTRIBUTION OF BARIUM IN THE SMALL BOWEL 


Fig. 5. Case 5: Non-tropical sprue 


pattern” 


remained asymptomatic for two years. His tongue 


isno longer beefy but there are some signs of atro- 
phy. The small bowel pattern has become almost 
normal. 


(Fig. 3) 

Case 4 (No. 468415, service of Dr. G. Baehr): 
E.C., an American woman aged 45 years, entered 
the hospital with a story of intermittent diarrhea 
for twenty years. The past history revealed a 
visit to the tropics at the age of twelve and an 
episode of diarrhea in Italy at the age of twenty-six. 
4n appendectomy and cholecystectomy had been 
performed previously. The diarrhea was 
dated with yellowish-white foamy stools. In addi- 
tion there was a generalized papular erythematous 
euption. The patient had been on an “anti 
colitis’ diet which was notably deficient in fresh 
fruit and vegetables. 

Blood studies showed hemoglobin 90 per cent, 
red cells 4,400,000, with definite macrocytosis; 
total protein 5.5 gm. per cent; calcium 8.7 mg. 
fr cent; phosphorus 3.1 mg. per The 
stools were negative to the guaiac test; fat ac- 
counted for 57 per cent of the total dried content. 
4a oral fat tolerance test showed practically no 
absorption. An oral Janney test yielded a flat 
response. 

Roentgen study showed hypomotility of the small 
bowel, pronounced segmentation with dilatation 
f the small bowel loops, flocculation of barium, 
coarsening of the mid-jejunal pattern, and intestinal 
{uid level. Benzedrine had no effect upon this 
pattern except for a slight increase in motility. 

The patient was given a celiac diet with marked 
Mprovement in the clinical symptoms. The stool 


asso- 


cent. 


Reduction in irritability following atropinization. 
was irreversible. 


The basic “sprue 


fat dropped to 25 per cent of the total dried content. 
The oral glucose tolerance curve showed improved 
absorption. After a reasonable interval, the pa- 
tient was placed on a regular diet, with liver given 
intramuscularly. There were definite exacerbation 
of the symptoms and recurrence of steatorrhea. 
Return to a celiac diet without any other therapy 
has maintained the improvement in the patient’s 
condition. Re-examination of the small bowel 
fourteen months later showed great improvement. 
Only slight abnormalities could be noted in the 
pattern. 

In this case response, clinically and roentgeno- 
logically, to a celiac diet was evident, but there was 
no response to liver alone. The case demonstrates 
a reversible deficiency pattern which not 
changed by the administration of benzedrine, a 
drug with a sympathomimetic and, in addition, an 
atropine-like action. (Fig. 4.) 

Case 5 (No. 470112, service of Dr. G. Baehr) 
M. R., Porto Rican woman, aged 68, complained 
for three years of esophageal and epigastric burning, 
weakness, anorexia, and loss of weight. During 
this time, despite intensive liver and iron therapy, 
deterioration continued. Diarrhea occurred once 
only but the stools were described as occasionally 
examination revealed a_ mild 


was 


foamy. Physical 
glossitis. 

A hyperchromic macrocytic anemia was present 
with a hemoglobin of 38 per cent and a red cell 
count of 1,200,000. The bone marrow 
scribed as hyperplastic and predominantly ery- 
throid, a type which often responds poorly to liver 
therapy. The stool was negative to the guaiac 


was de- 
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test. Fat constituted 46 per cent of the total dried 
stool content. The oral Janney test gave a flat 
response. Intravenous Janney test showed a nor- 
mal response. Examination of the gastric contents 
showed free hydrochloric acid 10; total 30. The 
total blood protein was 6.3 gm. per cent, albumin 
4.5 gm. per cent, globulin 1.8 gm. per cent, calcium 
8.3 mg. per cent. 

Small bowel study showed hypomotility, coarsen- 
ing, slight dilatation of ileal loops, a tendency to 
segmentation and flocculation. Fluoroscopy re- 
vealed areas of hyperirritability. Atropinization 
as well as administration of benzedrine reduced this 
irritability but did not change the basic pattern. 

Therapy with parenteral liver administration and 
iron produced slight improvement, which, however, 
was greater when the patient received a celiac 
diet. (Fig. 5.) 


Mount Sinai Hospital 
New York, N. Y. 
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DISCUSSION’ 


Ross Golden, M.D. (New York): Doctor Suss. 
man has presented certain ideas on the disturbantes 
in the motor function of the small intestine which 
are not in accord with certain ideas I have acquired 
as a result of observations on patients and from the 
literature. Therefore, his paper has been more than 
usually stimulating. Inasmuch as I did not have 
the opportunity to discuss his paper at the time of 
its presentation, I would like to take this means of 
commenting on a few of several points which are 
worthy of attention. 

Doctor Sussman does not like the term “de- 
ficiency pattern,” and I don’t blame him. This 
expression grew up in our Department; I don't 
quite know how. It was originally used because 
the early cases were actually deficiency states. We 
recognized long ago the non-specific nature of these 
intestinal disturbances and that, from the appear- 
ance, the cause cannot be determined. However, 
as the term expresses an idea in two words, it con- 
tinues to be used. We would be delighted to have 
Doctor Sussman give us a better one. The term 
“Wrritation pattern’’ was used many years ago, I 
believe by Mills, and perhaps would be better. 

Doctor Sussman believes that, because the 
phenomena are produced by a number of different 
causes, it is inadvisable to assume a common 
mechanism, and that there are undoubtedly a 
number of mechanisms involved. I don’t know in 
exactly what sense he used the term ‘‘mechanism” 
but am convinced, for this particular reason, 1., 
because these physiologic disturbances can originate 
in so many different ways, that there must be some- 
where a common denominator, a point—so to speak 

through which these different forces must act to 
produce similar disturbances in intestinal physiology. 
After reviewing the available evidence (see Ab- 
normalities of the Small Intestine in Nutritional 
Disturbances: Some Observations on their Physio- 
logic Basis,” Carman Lecture. Radiology, 36: 
262-286, March 1941), it seemed to me that “a 
possible, if not the most probable’’ common de- 
nominator is the intramural nervous system. This 
suggestion was presented as a working hypothesis, 
not as a proved fact. Doctor Sussman feels that 
the evidence is decidedly against that p« »ssibility and 
suggests other possibilities, the most important 
being the muscle itself. At this point, it seems 
desirable to review briefly two or three fundamental 
facts in intestinal physiology. 


1 Prepared for but not presented at the meeting. 
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In 1899 Bayliss and Starling showed, after para- 
lyzing the intramural nervous system in the dog's 
intestine with cocaine, that the rhythmic pendulum 
movements were unchanged, but that the peri- 
staltic movements by which a bolus was passed 
along were completely disorganized. They con- 
cluded that the pendulum movements are myogenic 
in origin and that the peristaltic movements are 
co-ordinated reflexes depending upon the intra- 
mural nervous system. This view of the relation 
of the intramural nervous system to the muscular 
activity of the intestine is accepted today. By 
repeatedly passing a bolus through a loop of dog’s 
intestine they produced fatigue effects, and the 
earliest evidence of fatigue was failure of relaxation 
of the wall below the bolus. Alvarez (An Intro- 
duction to Gastroenterology, p. 196) states: “An 
important function of the ganglion cells in the 
plexuses is apparently to keep the muscle from 
contracting into a hard knot.” The ability of the 
wall to relax is just as important in its normal func- 
tion as the ability to contract and apparently de- 
pends upon the intramural nervous system. It is 
the failure of segments to relax normally which 
produces the abnormal segmentation which is the 
most constant phenomenon in the disordered in- 
testinal physiology under discussion. 

Doctor Sussman introduces the effect of adrenalin 
on the intestine as evidence against the hypothesis 
that the intramural nerves are the common de- 
nominator because this drug acts directly on the 
muscle, not through the nerves, and yet produces a 
deficiency pattern. It is now generally accepted 
that the sympathetic nerves affect the muscle by 
producing, at the nerve endings, a chemical which 
Cannon calls “‘sympathin’’ and which, according to 
Sollman, is indistinguishable from adrenalin. So, 
although adrenalin does not work through the 
nerves, the nerves work through adrenalin, which 
seems to make reappraisal of this evidence desirable. 

The demonstration of hemofuscin in the intestinal 
muscle cells in sprue by Doctor Klemperer is very 
interesting. I hope more information along this 
line will be forthcoming. But the fact of muscle 
damage does not eliminate the possibility that the 
common denominator is the intramural nervous 
system. In one of our cases of non-tropical sprue, 
degenerated muscle cells were demonstrated along 
with degenerated nerve cells. 

Doctor Sussman reviews other pathologic changes 
as possible mechanisms for producing the deficiency 
pattern. The most important is submucosal edema, 
because that is present in hypoproteinemia, and we 
found it in a case of subacute yellow atrophy of the 
liver. But the question must be asked: ‘How 
does the submucosal edema affect the physiology of 
the intestinal musculature?” Is it entirely me- 
chanical? It seems unlikely, because of the evidence 
of incoordination of movements. Doctor Sussman 


mentions excessive fat within the lumen as a possible” 


source of the disturbance—but how is the effect 
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accomplished? The same question must be asked 
about all the pathologic changes mentioned. There 
must be a mechanism through which the effect is 
produced. 

The intestine of the normal newborn infant is 
unable to handle its contents as does the normal 
adult intestine; it shows no or very few and low 
mucosal folds in the jejunum and in a few minutes 
after the entrance of barium extensive segmentation 
appears, indicating incoordination of the reflex 
mechanism. Doctor Sussman feels that the evidence 
that the intramural nervous system is concerned 
in these phenomena is inconclusive. Inasmuch as 
it is generally agreed that the nerves in the wall are 
the medium through which the propulsive move- 
ments are coordinated and which are responsible 
for the ability of the wall to relax, it seems to be at 
least a logical hypothesis. 

It must be borne in mind that all nutritional 
disturbances are complicated and are relatively 
little understood as yet. Why is beriberi “wet” in 
one case and “‘dry’’ in another? And yet both are 
beriberi. Why does one patient with sprue have 
hypoproteinemia, another hypocalcemia, another 
both, and another neither, and yet all are sprue? 
We must not be surprised to find vagaries in the 
conduct of the intestine in these conditions. The 
intestine, important as it is, undoubtedly does not 
tell the whole story in nutritional disturbances. 
But we must recognize the intestinal disorders by 
proper roentgen methods and accept them as non- 
specific indications of certain possibilities. It seems 
to me that our thinking about the complicated 
problems of disordered intestinal physiology will be 
less confused if we postulate a common denominator 
through which the effects are produced. Whether 
it be in the muscle or in the intramural nerves, or 
possibly in both, the most important thing is that it 
seems to lie within the intestinal wall. 

A great deal remains to be learned about the small 
intestine and I hope Doctor Sussman will continue 
his experiments on patients with disordered in- 
testinal physiology and will tell us more about them 
in the future. 


Marcy L. Sussman, M.D.: Ordinarily the 
roentgen findings in the presence of diseased ab- 
dominal viscera can be correlated directly with the 
appearance. Disturbances in 


gross pathological 
peristalsis and interference with the propagation of 
the contraction wave can be explained adequately 


by the local disease. For example, in granuloma- 
tous jejuno-ileitis, the infiltration of the wall inter- 
feres with normal contraction and relaxation and 
results in rigidity. In cases of nutritional deficiency, 
however, the gross changes in the small bowel wall 
often are not sufficient to account for the roentgen 
appearance. Under these conditions Doctor Golden 
suggests that the segments fail to relax normally 
because of degeneration of the intramural nerve 
plexuses. There is no doubt that the nerve plexuses 
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are a very important factor in the control of in- 
testinal movements but I think Doctor Golden will 
agree that the plexuses are only one part of the 
reflex arc and that the same end-result may come 
from a disturbance in any part of the arc. In other 
words, if edema of the walls and atrophy of the 
mucosa inhibit the origin or pathway of reflex im- 
pulses, the effect would be the same as blocking the 
impulses at the nerve plexuses. Muscle degener- 
ation also would interfere with the reflex arc as well 
as disturb those movements of myogenic origin. 
In considering whether degeneration of the nerve 
plexuses is the primary factor, we must decide first 
whether it is a reasonably constant finding in the 
cases of nutritional deficiency which are associated 
with an abnormal small bowel pattern and, second, 
whether or not a “deficiency pattern” 
ordinarily when degeneration of the nerve plexuses 
is present. I have demonstrated that the presence 
of nerve cell vacuolization is not necessarily asso- 
ciated with an abnormal small bowel pattern. 
Furthermore, in beriberi, in which Vedder reported 
extensive degeneration of the sympathetic system 
in addition to central and peripheral neuropathy, 
there has been no report to my knowledge that 
abnormal small bowel changes are common. 
Physiological investigation of the problem is con- 
fusing because the precise nature of the deficiency 
remains obscure. Doctor Golden and Doctor 
Lepore have shown that deficiency of the entire 
vitamin B complex is associated in man with an 
abnormal small bowel pattern. May, McCreary, 
and Blackfan have reported improvement in the 
small bowel pattern in celiac disease following the 
administration of crude liver extract and vitamin 
B complex. I have illustrated the marked im- 
provement which may occur in sprue following liver 
therapy. There has been no report, however, that 
a “deficiency pattern” occurs in man as the result 
of the deficiency of any of the known isolated com- 
ponents. Even in the more complicated deficien- 
cies, in which there may be a predominant deficiency 
of one factor—clinical pellagra perhaps fits into 
this classification—a ‘deficiency pattern’’ appar- 
ently has not occurred with sufficient regularity to 
have been commented upon in the literature except 
possibly for disturbances in gastric and small 
bowel emptying. The fact that several vitamin B 
components have been shown to be involved in 
cellular oxidative processes, and therefore in nerve 
cell physiology, cannot be taken as proof that when 
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the component associated with the production of a 
“deficiency pattern’’ is identified, its lack will be 
found to act through the nerve plexuses. Certainly 
when parasympathetic activity is blocked with 
atropine, there is no change in the pattern in sprue 
On the other hand, May, McCreary, and Blackfan 
reported that mecholyl, a vagal stimulator, given jn 
cases of celiac disease, resulted in the disappearance 
of the clumping in the small bowel. We are now 
investigating the effect of this drug in sprue. 

Doctor Golden’s suggestion that the small bowel 
pattern in infants is due to incomplete developirent 
of the intramural nervous system is difficult to 
confirm or deny. I think it may be assumed that 
the autonomic nervous system is complete anatomi- 
cally at birth. Dr. Albert Kuntz answered my 
query on this subject as follows: “The plexuses in 
the wall of the alimentary canal undoubtedly repre- 
sent one of the most primitive parts of the nervous 
system. While we have no specific data regarding 
the time at which they become functional, I think 
it may be assumed that they are functional a good 
while before birth.” A variation in any part of 
the reflex arc in the infant as compared with the 
adult will produce the same effect as a change in the 
plexuses. I know no convincing reason for choosing 
the intramural plexuses. 

Doctor Golden's statement regarding the wide 
variation in the symptomatology of sprue is an- 
swered, at least in part, by the fact that many 
of the cases so classified are not sprue. Reduced 
glucose and fat tolerance, macrocytic anemia, and 
glossitis are non-specific responses. Doctor Golden 
states that the small bowel pattern also is not 
specific. However, just as various types of glossitis 
are now being classified and related to individual de- 
ficiencies, so it may be that there are small but im- 
portant differences in the roentgen appearance of the 
small bowel which have not yet been identified by 
our present rather crude analysis and which will 
permit a classification into specific patterns. 

Because these important considerations remain 
unsolved, I have suggested that it is premature 
to regard primary nerve degeneration as the com- 
mon denominator. There is no doubt whatever 
that the integrity of the autonomic system, i- 
cluding the entire reflex arc, is essential for normal 
functioning of the small bowel, and to this extent 
it is obvious that changes in the intramural nerve 
plexuses must be considered as one of the possible 
sites of primary disturbance. 
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X-Ray Therapy in Fluoroscopy’ 


A. L. L. BELL, M.D. 
Long Island College of Medicine, Brooklyn, N. Y. 


RIOR TO THE discovery by H. J. Muller 
rr. 1927 of the high potency of the roent- 
gn ray in the production of hereditary 
changes, radiologists in general measured 
the harmful effects of this radiation in 
terms of gross skin and tissue damage and 
its effects on fertility and on the hemato- 
poietic system and certain of the endocrine 
glands. These effects were frequently ob- 
srved during the lifetime of persons who 
were exposed to sufficient x-radiation and 
were thought to be the only ones occasioned 
by such exposure. Muller’s original work 
was done with Drosophila melanogaster 
(fruit fly) and revealed that even very 
small doses of x-ray (10-15 r) produced 
changes in the germ cells of these insects 
which not only caused first and second gen- 
eration mutations, but transmitted these 
efiects to succeeding generations. The 
changes produced were many, varying 
from slight anomalies to gross deformities 
incompatible with life. In subsequent 
generations the mutations occurred most 
frequently where the ancestors of both male 
and female had been irradiated, but many 
instances were observed where the ances- 
tors of only one parent had been irradiated, 
and where the parents themselves were en- 
tirely normal appearing individuals. While 
l)-15r produced the above changes, 30-40 r 
were necessary in order regularly to double 
the number of mutations over those ob- 
served in control groups. 

Following Muller’s report, numerous in- 
vestigators obtained similar results, using 
avariety of plants and animals. The prob- 
lem assumed a more serious aspect when it 
was found that radiation necessary to pro- 
duce these mutations was cumulative, and 
the 10-15 r necessary to produce changes in 
the hereditary factors could be adminis- 


"Read before the Radiological Society of North 
America, at the Twenty-seventh Annual Meeting, San 
Francisco, Calif., Dec. 1-5, 1941. 
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tered in small fractional doses over the 
period of reproductive activity of the in- 
dividual’s life. Furthermore, since these 
hereditary factors are naturally trans- 
mitted from parent to progeny, the effect 
of the radiation could be cumulative not 
only throughout the reproductive life of 
one individual but through successive 
generations. 

To make the statement that such 
changes occur from the clinical use of x-ray 
would not be entirely true. Even if the 
amount of radiation thus used were suf- 
ficient to produce alterations in the chro- 
mosomes, in most instances it would not 
be applied to the whole organism or to the 
gonads, where the cells containing the 
hereditary factors are located. There can 
be no question, however, that possibilities 
of serious change do exist from the clinical 
use of x-radiation, provided sufficiently 
large amounts of radiation reach the gon- 
ads of the patient or operator. Because of 
this, it is important that a knowledge of the 
amount of radiation incidentally given to 
patients undergoing x-ray examinations 
should be known as accurately as possible, 
so that adequate steps can be taken to pre- 
vent such radiation reaching the gonads, 
or to limit it to the lowest possible amount. 

In recent years there has been a rapid 
increase in the number of fluoroscopes used 
by practitioners as a whole. Prior to the 
development of the Coolidge tube, fluoro- 
scopes were exceedingly difficult to operate 
under constant conditions, and the output 
of radiation from the old machines varied 
over a considerable range. The advent of 
this new tube made possible the construc- 
tion of equipment which could produce a 
given x-ray intensity with fair constancy 
and could be easily managed by physicians 
without special training. Still further re- 


-finement of design and construction has 


recently resulted in the mass production of 
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fluoroscopes, the reduced cost of which has 
made them easily available to all. Natu- 
rally many gastro-enterologists, cardiolo- 
gists, internists, and general practitioners 
have acquired these useful and intriguing 
instruments. The number of physicians 
who have so equipped their offices may be 
judged by the fact that there are approxi- 
mately 1,200 fluoroscopes in use in one 
large eastern city where there are approxi- 
mately 4,700 registered physicians. In 
that locality there is approximately one 
fluoroscope to every four practising physi- 
cians. 

Conversations with men who have these 
units indicate that much use is made of 
them, and that in many instances fluoro- 
scopic observation is a part of the examin- 
ation of almost every patient. When these 
examinations have been completed the 
examiner, who in most instances has no 
knowledge of the output of x-radiation or 
the biological effects therefrom, has no defi- 
nite idea as to the total time of exposure. 
In an attempt to limit the time of opera- 
tion some manufacturers have equipped 
their fluoroscopes with timers which limit 
the total exposure to a predetermined 
number of minutes. Where this is done, 
the manufacturer or engineer installing the 
apparatus estimates grossly the safe oper- 
ating limits of the machine, usually in 
terms of skin or erythema units. The timer 
is then set so that, as far as skin damage is 
concerned, a relatively safe exposure re- 
sults. We are informed that most of these 
timers are set to deliver a total dose of 
150 r to the panel or skin, where the skin is 
in contact with the panel. Such timers, if 
properly used, reduce the dangers incident 
to fluoroscopic examination. In many in- 
stances, however, the timers are reset 
when the examiner wishes to observe the 
patient for a longer period. Furthermore, 
the full time of exposure (150 r) may be 
directed over the female pelvis, delivering 
a very large dose to the ovaries, or the ex- 
posure may be entirely limited to the 
thorax with no resulting gonadal irradia- 
tion. 

Many roentgenologists have made meas- 


urements of their fluoroscopes and haye 
determined the number of roentgens which 
reach the patient under certain conditions. 
t.e., the conditions prevailing at the time of 
the measurements. These conditions, how. 
ever, are not exactly met in routine work. 
and in some instances are not even approxi- 
mated. 

In order to determine accurately’ the 
amount of radiation to which persons 
undergoing routine examinations were ac- 
tually exposed, one of the fluoroscopes at 
the Long Island College Hospital was 
equipped with an ionization chamber con- 
nected to a Braestrup irradiometer. An 
interval timer was then connected in the 
foot-switch circuit, which measured, ac- 
curately and cumulatively, the total fluoro- 
scopic exposure. 

The fluoroscope on which these instru- 
ments were mounted was approximately 
twelve years old. A 30-milliampere radia- 
tor tube and fluoroscopic screen of the 
ordinary type were used. With the rou- 
tinely used factors of 88 kv.p., 3 ma., anda 
target-panel distance of 25 cm., the radia- 
tion output of the x-ray tube as measured 
in air and calculated at the skin level was 
found to be 30 r per minute. The use of 
4 ma., with an output of 40 r per minute, 
was formerly used but discarded in favor 
of the lower value when it was found that 
satisfactory screen illumination could thus 
be obtained. 

A number of variable factors were found 
that required correction in order to insure 
a constant output. When the machine was 
set as accurately as possible for 3 ma. and 
the prereading voltmeter adjusted to give 
a secondary voltage of 88 kv.p., the output 
was found to vary from 25 to 40 r per min- 
ute. These variations were occasioned by 
inaccuracies in the instruments furnished 
on the usual fluoroscopic equipment and 
variations in line voltage and line condi- 
tions producing fluctuations in radiation 
output. Where milliamperage was not 
carefully adjusted prior to each fluoro- 
scopic examination, the radiation output 
varied as much as 100 per cent; even with 
careful setting, variations as high as 30 
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TABLE I: 


110% 
26% 
9% 


“s Skin dose (including back-scatter) 
Dose at 5 cm. depth 
Dose at 10 cm. depth 


per cent were common. Close observation 
of the meters during fluoroscopy revealed 
the fact that the primary voltmeter in the 
filament circuit showed considerable varia- 
tion, which produced changes in the milli- 
amperage. Radiation output was also 
found to vary in different positions of the 
fuoroscope due to changed contact in the 
reels and connections. In order to reduce 
these variations, a heavy line was run to 
the fluoroscope, the reel contacts were kept 
ceaned and tight, and the output of the 
machine was frequently checked during 
the examinations. The difficulties en- 
countered in maintaining a constant out- 
put of the fluoroscope even when special 
attention was given to the various possible 
sources of error indicated quite definitely 
that the average instrument in routine use 
cannot be relied upon to deliver accurately 
a predetermined dose, particularly when 
operated by one unfamiliar with the physi- 
cal factors involved. 

For three years many fluoroscopic exami- 
nations were observed with the apparatus 
described. Instead of being set at a certain 
milliamperage and voltage, the fluoroscope 
was adjusted for an average radiation out- 
put of 30 r per minute at a fixed voltage, 
prior to the examination. The time con- 
sumed for each examination was accurately 
recorded and the dosage was determined 
by multiplying the time in minutes by the 
number of r per minute administered. 

At the end of the three-year period 
modern equipment was installed and one 
of the fluoroscopes was equipped with an 
iradiometer and timer. In the new ap- 
paratus the distance from the target of the 
ttay tube to the panel was 38 cm. instead 
of 25 cm. as on the old machine, and the 


screen was a Patterson Type B, which-was.- 


considerably more brilliant than that for- 


Small Field 
(75 sq. cm. at the skin) 


ACTUAL (r/min.) AND PERCENTAGE DOSES AS MEASURED WITH ORIGINAL EQUIPMENT 


Large Field 
(208 sq. cm. at the skin) 
33.6 r/min 
10.8 r/min. 
3.95 r/min. 


112% 
30% 
12% 


33.0 r/min. 
8.6 r/min. 
2.95 r/min 


merly used. The added brilliance of this 
screen and the increase in target-panel 
distance made it possible to achieve satis- 
factory illumination at a much lower radia- 
tion output. Varying the voltage according 
to the density of the patient, from 70 to 
84 kv.p., and using 3 ma., produced an 
average output of 15 r per minute as meas- 
ured at the panel. 

The average exposure times for the vari- 
ous types of fluoroscopic examination were 
from one to four minutes for thoracic ex- 
aminations; three to eight minutes for 
gastric and upper intestinal fluoroscopies; 
from one and one-half to four minutes for 
colon examinations. Because of the fact 
that colon examinations were made on 
practically all patients receiving gastric 
studies, the sum of the two fluoroscopic 
times should be considered as the total for 
complete gastro-intestinal examination. 
The dosage for the combined studies was 
administered over a period of four days, the 
upper tract fluoroscopy being done on the 
first day, the colon study on the fourth. 

For purposes of measurement, two field 
sizes were used. The small one was 225 
sq. cm. and was determined by measuring 
the averages of contracted fields of obser- 
vation on the screen. The large field, 625 
sq. cm., represented the average measure- 
ment of the screen area used during the 
initial survey. Computing the area at the 
level of the panel, it was found that 75 sq. 
cm. of skin was exposed when the small 
area was used, and 208 sq. cm. with the 
larger field. With the old equipment, the 
percentage dose and actual dose in r per 
minute delivered at the skin and depths of 
5 and 10 cm. were measured. The results 
are shown in Table I. 

The amount of radiation reaching any 
particular area of skin could not be ac- 
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curately determined because the exposure 
was not constantly directed at any one 
area. 

Using the figures given in the table as a 
basis, the results of 1,454 fluoroscopic ex- 
aminations were studied: 232 of these 
were made on the old equipment and 1,222 
on the new. The doses delivered during 
the course of examination of the chest are 
presented in Table II. 


TABLE II: Doses In ROENTGENS DELIVERED DURING 
FLuoroscopic CHEST EXAMINATIONS 


‘i Large Field 
(208 sq. cm. at 
the skin) 


33 .6-134.4 r 


Small Field 

(75 sq. cm. 

at the skin) 

Skin dose 33-132 r 

Dose at 5cm. 
depth 

Dose at 10 cm. 


8.6-38 r 10.8-43 r 


3-12 r 3.95-15.8r 


In gastro-intestinal examinations, where 
exposures of from four and one-half to 
twelve minutes were employed, the doses 
shown in Table III were delivered. 


TABLE III: Doses In ROENTGENS DELIVERED DUR- 


ING FLuoroscopic GASTRO-INTESTINAL EXAMINATIONS 


Large Field 
(208 sq. cm. at 
the skin) 


151-403 r 


~ Small Field _ 
(75 sq. cm. 
at the skin) 


148-396 r 





Skin dose 

Dose at 5 cm. 
depth 

Dose at 10 cm. 
depth 


38.5-102 r 49.0-130 r 


13.3-35.5r 17.8-47.5r 


With the use of the new equipment, in 
which the target-panel distance was in- 
creased from 25 to 38 cm., the increased 
brilliance of the Patterson Type B screen 
permitted the use of 15 r in air or 16.5 r 
at the skin. The dosage both at the sur- 
face and in the deep tissues was, therefore, 
halved. 

So far, only the radiation incident to the 
fluoroscopic portion of the examination 
has been considered. It must be remem- 
bered that radiation is also used in the 
making of films; particularly in gastro- 
intestinal examinations, where a great 
many pictures are taken. Most of these 
are, of course, of the upper abdominal 
structures, but in our routine gastro-intes- 
tinal studies, at least six exposures are 
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made in which the whole abdomen an 
pelvis are included. According to Brae. 
strup, the average dose in roentgens for 
each 100 ma.- second skin exposure at 
kv.p., assuming 0.5 mm. aluminum added 
filtration and approximately 36 in. target. 
skin distance, is 4.3 r at the skin, 1.5 r at 5 
em. depth, and 0.54 r at 10 cm. depth. As. 
suming each individual exposure with the 
above settings to be a quarter of a second, 
the exposure of the whole abdomen, in- 
cluding pelvis, would equal 150 ma. see- 
conds. This would result in a dose of 6.5 
r to the skin, 2.25 r at 5 cm., and 0.82r 
at 10 cm. While these doses are small, 
when they are added to those delivered by 
fluoroscopy, particularly as gastro-intes- 
tinal examinations are frequently repeated, 
the total amount of radiation delivered to 
the gonads may reach serious proportions. 
The fact that the hereditary influences of 
radiation have been shown to be cumula- 
tive throughout the fertile lifetime of the 
individual adds to the seriousness of the 
situation. 

It can readily be seen, then, that even 
with our new equipment and markedly re- 
duced dosage, radiation in excess of the 10 
r which has been shown experimentally to 
produce hereditary changes in Drosophila 
eggs and small mammals, can readily be 
administered to the ovaries, and in the 
presence of unrecognized early pregnancy, 
the whole fetus together with gonadal tis- 
sue of both parent and offspring might 
easily be damaged. In the case of a colon 
examination, where a greater part of the 
radiation is delivered to the pelvis, this 
danger is increased. 

Recently, Braestrup measured the out- 
put of a number of vertical, horizontal, 
and tilt fluoroscopes in various institu- 
tions and offices at the settings which their 
operators routinely employed. The volt- 
ages varied from 66 to 95 kv.p. and, of 
course, in some of the self-rectified units, 
was not definitely known; 5 ma. was Con- 
stantly used in all measurements. Filtra- 
tion varied from 0.5 to 1.0 mm. aluminum, 
and the target-panel distance from as little 
as 17.8 cm. to 43.8 cm. Measurements at 
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the panel showed considerable variations 
in the r output, from a low of 6.8 r per 
minute on a self-rectified unit of unknown 
voltage using 1 mm. aluminum filtration 
and a target-panel distance of 33 cm. to a 
high of 127.6 r per minute on a self-recti- 
fed unit using an unknown voltage, 0.5 
mm. aluminum filtration, and a target- 
panel distance of 17.3 cm. The latter ma- 
chine, when studied after increasing the 
target-panel distance from 17.8 to 30.5 
em. and the filtration from 0.5 to 1.0 mm. 
aluminum, showed a decrease in radiation 
output to 23 r per minute at the panel. 
The fluoroscopic exposures reported in 
this paper were those used by the attend- 
ing roentgenologists of the department and 
varied with the type of pathology found 
and the co-operation of the patient. The 
residents in the department used consider- 
ably more time, and thus exposed the pa- 
tients to larger doses of radiation. The 


exposures used by these men in the early 
months of their training period were usu- 
ally approximately double those employed 


onsimilar cases by experienced roentgenolo- 
gists. On several occasions fluoroscopic 
exposures used by physicians other than 
roentgenologists were timed without their 
knowledge. These were found to be longer 
than those used by the untrained resident. 

So far we have failed to mention the ef- 
lect of radiation upon the physician or his 
assistant, or on nurse, friend, or relative, 
who may be standing near the patient 
under examination. The radiation which 
passes through the patient and reaches 
the fluoroscopic screen is in the neighbor- 
hood of 1 per cent of the amount reaching 
the skin at the point nearest the tube. If 
the minimum safe daily tolerance dose to 
skin is considered to be one-tenth of a 
toentgen per day, only 10 r can be safely 
administered to the skin of the patient 
while the unprotected hand of the exam- 
iter is exposed. Protection to the hands 
of the fluoroscopist, therefore, must be 
conceded to be imperative to prevent de- 
Stuctive skin changes. The amount of 
tadiation reaching the observer through 
uprotected hand contact is, however, not 
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as important as that reaching the body of 
the observer and originating in the body 
of the patient under examination—in other 
words, the secondary radiation. The exact 
measurement of these secondary radiation 
doses is subject to very wide variation due 
to differences in apparatus and in methods 
of handling the apparatus, the size of the 
opening used, the distance between the 
screen and the patient, etc. It is obvious 
that the non-radiological specialist, who 
does not understand the means by which 
this radiation can be produced, is likely 
to be exposed to much larger amounts; 
and naturally if he does not wear a lead- 
impregnated apron, his body, and particu- 
larly the lower portion of his body, will 
receive an amount of radiation which, ac- 
cumulated over a period of years, is cer- 
tainly unsafe. 

Braestrup has estimated photographi- 
cally the secondary radiation reaching the 
operator, particularly in examinations with 
horizontal fluoroscopes. Where these in- 
struments are used, the distance between 
the x-ray cone and the table top is in- 
creased in order to allow for movement of 
the Bucky diaphragm, and a considerable 
amount of secondary radiation originating 
in the table top and in the patient may thus 
pass below the table to the operator. The 
amount of secondary radiation, according 
to Braestrup, from below the table top is 
greater than that originating above. Ade- 
quate protection from such radiation can 
be obtained by the use of lead-impregnated 
apron and gloves. 

In conclusion, it is obvious that fluore- 
scopic examinations should not be pro- 
miscuously done, nor should radiographic 
examinations be unnecessarily performed 
where the ovaries or testes of a patient in 
the reproductive age are to be included in 
the field. When fluoroscopy is done, some 
type of limit timer should be used to keep 
the exposures well within safe bounds, and 
every fluoroscope should be calibrated as 
to its x-ray output so that at least the ap- 
proximate dosage administered can be es- 
timated. The size of the area exposed 
should be kept to a minimum, and the num- 
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ber of films made should also be kept down 
to the lowest number consistent with satis- 
factory diagnosis. Finally, those who are 
using the fluoroscope, or who must stand 
close to the patient undergoing fluoroscopy 
or radiography, should always wear a pro- 
tective apron and gloves, keeping the pro- 
tective lead between themselves and the 
origin of the ray. 

It is not the purpose of this discussion to 
show that all fluoroscopic examinations 
are dangerous, and it is almost impossible 
at this time for one to prove that there is 
any danger to man even in long fluoro- 
scopic exposures. It is our purpose, how- 


ever, to draw attention to the fact that 
very considerable doses of radiation are 
administered to the patient incident to 
fluoroscopic and radiographic examina- 
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tions, and that there are at least potentia] 
dangers to the patient, to the operator, and 
to their offspring, particularly if extreme 
care is not exercised. 

We believe that at the present time. 
when more and more radiographic and 
fluoroscopic work is being done by nop- 
radiologists, the attendant dangers must 
be brought forcibly to their attention. 


Long Island College of Medicine 
Brooklyn, N. Y. 
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RMAND, IN 1716, reported a case of 
brittle bones of a newborn infant. 
This is said to be the first recorded obser- 
vation of this condition. By the middle of 
the eighteenth century 30 such cases had 
appeared in the literature. In 1788 Eck- 
man described a case of hereditary fragility 
of bones and traced the occurrence of this 
disease in three generations. Lobstein, in 
1833, described the condition as idiopathic 
osteopsathyrosis or an idiopathic type of 
bone fragility. Vrolik described brittle 
bones in 1849 and renamed the condition 
“osteogenesis imperfecta.” 


Spurway in 1896 observed a peculiar 
bluish color of the sclera in association with 


brittle bones. A more detailed observa- 
tion concerning the association of these 
two findings was made by Eddowes in 1900, 
when he suggested that ‘‘the transparency 
of the sclerotics indicates a want of the 
quality or quantity of the fibrous tissue 
forming the framework of the various or- 
gans of the body and probably explains 
the want of spring or toughness in the 
bones of these peculiar individuals.” 

Hereditary deafness was reported in 
1912 by Adair-Dighton but van der Hoeve 
and de Kleyn did not observe its simul- 
taneous occurrence with brittle bones and 
blue sclera until 1916. 

Since these cardinal symptoms were dis- 
covered and connected, numerous isolated 
tases and series of cases have been re- 
ported in the literature. The clinical pic- 
ture has been studied and much laboratory 
livestigation has been carried out in an 
efort to solve the riddle of this disease. 


A limited amount of pathologic material - 


—— 
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has been reviewed. Although most au- 
thors agree on the observed facts, conclu- 
sions concerning the etiology vary, and 
many physicians are still basing their 
treatment on unproved hypotheses con- 
cerning the true etiologic factor. 


TERMINOLOGY AND CLASSIFICATION USED IN 
PREVIOUS REPORTS 


As knowledge of this disease increased, 
many different names were applied to it. 
Lobstein’s disease (maladie de Lobstein) or, 
as he called it, idiopathic osteopsathyrosis, 
was first renamed osteogenesis imperfecta 
by Vrolik. Since that time it has had many 
other names: fragilitas ossium (Klebs and 
Hochsinger), brittle bones, blue sclera and 
otosclerosis (Eddowes’s syndrome), osteitis 
parenchymatosa chronica, dystrophia 
periostalis, periosteal aplasia, and peri- 
osteal dysplasia, have all been applied to 
one form or another of this disease. 

Classifications have been based on the 
time of appearance of the symptoms, as 
follows: (1) fetal cases; (2) infantile 
cases; (3) adolescent cases; (4) late cases. 

In the classification which probably is 
used most widely, the cases of brittle bones 
are divided into two groups: (1) the he- 
reditary type, which is called an hereditary 
hypoplasia of the mesenchyme with brittle 
bones and blue sclera, and (2) the non- 
hereditary congenital type, which consists 
of two groups, osteogenesis imperfecta con- 
genita and osteogenesis imperfecta tarda. 
Blue sclera is considered requisite for the 
first group, whereas it may or may not be 
present in the second group. 

Similar conditions have been designated 
by many different names by various au- 
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thors. Some authors called cases within 
the same family osteogenesis imperfecta if 
they occurred early and osteopsathyrosis if 
they occurred later in life. Lovett and 
Nichols called the condition in a parent 
osteopsathyrosis and in a child osteogene- 
sis imperfecta. This differentiation ap- 
pears to be much too fine for a condition 
which presents such uniform clinical and 
histologic pictures. 


ETIOLOGIC FACTORS 


The cause of osteogenesis imperfecta re- 
mains in the realm of speculation. Many 
theories have been postulated, though few 
of them are more conclusive than the origi- 
nal postulation of Eddowes in 1900. 

Knaggs has stated that there is an evolu- 
tionary failure of the osteoblasts. He 
thought the basis of this change was either 
a quality implanted in the connective tissue 
itself early in development or some out- 
side influence exerted on the connective 
tissue during development. Key and 
others have attributed all of the changes to 
heredity, but they have failed to include the 
clinically similar group which has no he- 
reditary factor. 

The endocrine glands have been impli- 
cated by some authors, but the evidence 
that these structures are at fault is not con- 
clusive. Lack of the enzyme phosphatase 
and phosphoric esters in the blood, asso- 
ciated with alterations in permeability of 
the membranes, has been thought by some 
to be a causative factor. 

The fault more likely lies in some in- 
herent defect in the germ plasm, either 
hereditary or non-hereditary, which does 
not allow the mesenchymal tissue to de- 
velop normally. 


MATERIAL STUDIED; CLASSIFICATION AND 
TERMS USED 


This study is based on 40 cases of osteo- 
genesis imperfecta encountered at the 
Mayo Clinic during the twenty-one-year 


period 1920 to 1940, inclusive. Because 
of the multiplicity of names and varied 
classifications which have appeared in the 
literature, an attempt has been made to 
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group these cases into a suitable classifica. 
tion which includes all forms of this dis. 
ease. This is as follows: 


Osteogenesis imperfecta. .... 
A. Hereditary type 

(Otosclerosis may occur in any of 

these sub-groups) 
. Blue sclera and characteristic 
roentgenologic changes. . .3 cases 
2. White sclera and characteristic 
roentgenologic changes...1 case 
3. Blue sclera and atypical roent- 


40) cases 


. Blue sclera and typical roent- 
genologic changes. .... . .21 cases 
2. White sclera and typical roent- 


The term ‘osteogenesis imperfecta” 
seems adequate to cover this entire group. 
Certainly imperfect formation of bone is 
not limited to any one form of this disease. 
From the history, the presence of the dis- 
ease in other members of the same family 
can be determined. Although clinically it 
is impossible to distinguish between the 
hereditary type and the non-hereditary 
congenital type, it is possible to divide 
the larger groups into the sub-groups men- 
tioned. We purposely have not used such 
terms as ‘“‘osteopsathyrosis congenita,” 
“‘osteopsathyrosis tarda,’’ and many others 
found in the literature, since they only con- 
tribute further to the confusion concerning 
this condition. 


HEREDITY 

Of the 40 cases studied, 11 (27.5 per 
cent) were of the hereditary type. The 
most extensive family tree that could be 
traced led through four generations; brittle 
bones, blue sclera, and deafness were pres- 
ent in all generations. One patient gave a 
history of blue sclera in two previous gen 
erations of his family, but his own condi- 
tion consisted only of questionable bone 
fragility. The defect may be transmitted 
either by the male or female and follows 
mendelian characteristics. Once transmis- 
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sion has begun, no generation is without 
some stigma of the disease. 

The 29 remaining cases (72.5 per cent) 
were sporadic and no family history of the 
disease was obtainable. 

In the light of our present knowledge, it 
isimpossible to say just when and why this 
disease procures its hereditary potencies. 
There seems to be little difference between 
the manifestations of the hereditary and 
the non-hereditary types and we wonder 
if in the sporadic cases the defect may not 
sometimes be transmitted and thus become 
the genesis of the hereditary type. Few of 
the patients who have the non-hereditary 
congenital type live to a great age and 
many of them are so badly crippled that 
they do not marry. Consequently their 
chances of establishing a family with this 
defect are greatly decreased. None of the 
patients who had the non-hereditary con- 
genital type of osteogenesis imperfecta in 
this series and had reached a marriageable 
age was married. 


AGE AND SEX 


The average age of the patients who had 
the hereditary type of osteogenesis im- 
perfecta when seen at the clinic was thirty 
years; for those who had the non-heredi- 
tary congenital type the average age was 
15.2 years when seen. There were 21 
males and 19 females. 

The most usual presenting complaint was 
frequent fractures and deformity. Some 
patients who had the hereditary type of 
osteogenesis imperfecta came to the clinic 
for reasons totally unrelated to the skeletal 
system. 


PHYSICAL CHARACTERISTICS 


It was impossible to distinguish clinically 
between the hereditary and the non-heredi- 
lary congenital types of osteogenesis im- 
perfecta. The most remarkable finding 
was the great variation in the severity of 
the process, from disease in the newborn 
which was so severe as to be incompatible 
with life to that in a patient who presented 
himself because of some unrelated condi- 
tion and was apparently healthy. 


On the whole, these patients were poorly 
nourished, were short in stature, and pre- 
sented many deformities. The head tended 
to assume a triangular shape, with an in- 
crease in its transverse diameter. The 
skull of an infant felt like parchment; 
the sutures were wide open and there was 
little real bone. Dentition was frequently 
poor and the teeth often were soft and 
carious, with an unusual translucent ap- 
pearance. 

The axial skeleton in the more severe 
cases was seriously affected. Scoliosis and 
kyphosis were frequent. In one case, this 
feature was so severe that the distance be- 
tween the base of the neck and the sacrum 
was only 10 to 11 inches (25 to 28 cm.). 
Deformity of the thoracic cage varied and 
the ribs and sternum often were twisted 
and molded to conform to the deviations 
of the spinal column. 

The deformity of the extremities was de- 
pendent on the number of fractures and on 
the success of their treatment. In some 
cases, the magnitude of the problem of 


multiple fractures defeats even the best 
attempts at treatment. 

Excessive mobility of joints attributable 
to unusual laxness of the capsule and liga- 


ments was noted in some cases. These 
patients are prone to have frequent sprains. 


FRACTURES 


Multiple fractures occurred in all the 
cases in our series with one exception. The 
usual history was that fractures were 
caused by trauma as slight as rolling over in 
bed. The pain suffered at the time of frac- 
ture was variable, but for the most part was 
reported to be less than normal. Fre- 
quently parents would state that they did 
not know that their child had sustained a 
fracture until the deformity had developed. 
In the entire group of 40 cases 434 frac- 
tures were recorded, with an average of 
9.2 fractures per case of the hereditary type 
and of 13.1 fractures per case of the non- 
hereditary congenital type. The fractures 
were about equally distributed between the 
left and the right sides of the body. In 
order of frequency, the bones most com- 
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Fig. 1. Entire body of an infant two days of age who 
died from non-hereditary congenital type of osteogenesis 
imperfecta. Multiple fractures and pseudofractures of 
entire skeletal system. 


monly affected were the femur, humerus, 
and tibia. None of the bones was ex- 
empt from fractures. The least number of 
fractures for a patient was one and the 
greatest number recorded was forty-six. 
In 7 cases the fractures were too numerous 
to record. 

In cases of the non-hereditary congenital 
type the fractures occurred earlier, were 
more frequent, and were caused by trauma 
of less degree than in cases of the heredi- 
tary type of osteogenesis imperfecta. 

The fractures were usually of the sub- 
periosteal type with little if any displace- 
ment of the ends of the bones but with 
pronounced angulation at the site of the 
fracture. Occasionally, oblique fractures 
were noted, but comminution did not occur 
in any case. Many incomplete fractures 
or regions of absorption (Looser zones) 


February 1943 


were seen in the roentgenograms, and one 
of us (Camp) believes that the majority 
of so-called fractures reported in this cop. 
dition are really pseudofractures or Loo- 
ser’s zones. 

The frequency of fractures decreased as 
puberty was approached and in some 
cases fractures ceased after puberty. 


SCLERA 


In the literature there appears to be some 
doubt as to whether the hereditary type of 
osteogenesis imperfecta occurs without 
blue sclera. One patient in this series who 
gave a history of brittle bones among an- 
cestors for four generations did not have 
blue sclera. The remaining 10 patients 
had blue sclera. 

Twenty-one of the 29 patients with the 
non-hereditary congenital type of disease 
(72.4 per cent) had blue sclera. 


DEAFNESS 

Deafness occurred in 5 cases (45.4 per 
cent) of the hereditary type and in 5 (17.3 
per cent) of the non-hereditary type. The 
higher incidence in the former group can be 
explained no doubt by the fact that these 
patients live to a greater age and the oto- 
sclerotic type of deafness which occurs in 
these cases has had time to develop. 


LABORATORY FINDINGS 


Routine laboratory examinations of the 
blood and urine gave consistently normal 


results. Many determinations of calcium, 
phosphorus, and phosphatase were made on 
the blood in the cases of osteogenesis im- 
perfecta. The concentration of calcium 
ranged between 11.4 and 8.9 mg. per 100 
c.c. of serum, with an average of 10.12 mg. 
These determinations were well within 
normal limits. The concentration of phos- 
phorus ranged between 2.0 and 5.5 mg. per 
100 c.c. of serum, with an average value 
of 4.0 mg. This, too, was normal. The 
values for phosphatase, as determined im 
Bodansky units, ranged from 12.9 to 18 
and, when a division was made into age 
groups, fell into the normal ranges as de- 
termined by Bodansky. 
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Fig. 2 (above). Cortical bone from infant shown in Fig. 1. a. Some- 
what thickened periosteum. 6. Long, slender, loosely interlacing trabec- 
ulae with sparse intertrabecular substance. c. Rather atrophic marrow 
substance. X90. 

Fig. 3 (below). Site of fracture in same child, showing an apparently 
normal reparative process. a. Osteoid tissue beneath periosteum. |. 
Necrotic bone and amorphous débris. c. Infiltrating blood vessels. X25. 


HISTOLOGIC STUDIES and sections of nearly all the organs in the 

It w ; an a . body were obtained. Unfortunately’ it"was 

oe enareagledyngal ywmpieoolieed impossible to find any parathyroid tissue, 

EA. Gite cnet Tien eons te Pan and this gland was therefore not studied. 

we. a Sections of the thyroid, suprarenal, and 

of a newborn child with the non-hereditary thymic glands were normal in all respects. 

congenital type of osteogenesis imper- Sections from the pancreas, liver, spleen, 

fecta who died two days after birth (Fig:- and kidney did not reveal any abnormali- 
l). Postmortem examination was made ties. 
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Fig. 4. Skull of a child thirteen years of age, reveal- 
ing irregular formation and calcification of the cranial 
bones. Ntimerous wormian bones are evident about the 
lambdoid and temporal sutures 


Our observations on the tissue from the 
skeletal system coincide with those made 
by Knaggs and Weber in their studies of 


this condition. The periosteum was some- 
what thicker than normal and in many 
places the trabeculae of the subperiosteal 
layer of bone were thin or entirely lacking. 
The trabeculae in the cortical layer of bone 
were long and slender, and formed a loose 
interlacing network with the long axis 
parallel to the long axis of the bone (Fig. 2). 
The trabeculae themselves were studded 
with numerous osteocytes, making them 
more porous than normally. The inter- 
cellular substance, as mentioned by Weber, 
did not stain with a homogeneous color, but 
appeared blotchy, as though the deposition 
of calcium had been abnormal. 

The osteoblastic fringing of the tra- 
beculae in some areas appeared normal; 
more frequently these osteoblasts were 
lacking or had the appearance of dormant 
cells, often appearing flat and covering the 
trabeculae much as endothelium lines a 
blood vessel. Fewer osteoclasts were pres- 
ent than in normal bone. 

In the long bones and ribs it was possible 
to study the sites of previous fractures in 
various stages of degeneration and repair. 
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The gap was filled with amorphous tissye 
within which could be detected portions of 
dead bone and large numbers of multiny. 
clear phagocytic cells. Invading the amor. 
phous regions from each side was vascular 
reparative tissue with large blood vessels. 
Beneath the periosteum at each side of the 
fracture were zones of cellular osteoid tis- 


Fig. 5. Lateral view of spinal 
column of a girl fifteen years old 
who had the hereditary type of 
osteogenesis imperfecta. Osteo 
porosis, wedging of vertebrae, bal- 
looning of intervertebral disks, 
and angulated fracture of the 
sacrum may be noted 


sue in the process of healing the fracture 
(Fig. 3). 

On studying the endochondral line of 
ossification the layer of cartilage cell col- 
umns appeared fairly normal. Below this 
the layer of vesicular cartilage cells was 
somewhat more loosely arranged than 
normal. Into the poorly calcified inter- 
stitial zone below this, the embryonic bone 
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marrow and blood vessels were penetrating 
and eroding in a rather irregular manner. 
(Qsteoclasts were not as abundant as would 
be expected in this region. The embryonic 
islands of newly forming bone in the sub- 
chondral region were widely separated and 
did not have the normal number of active 
osteoblasts around their edges. 


Fig.6. Typical picture of hereditary type of osteo- 
genesis imperfecta (same case as Fig. 5). a. Pseudo- 
fracture of the tibia in the lateral view. 6. Pseudo 
fracture of the fibula in the area of bowing. 


ROENTGEN FINDINGS 


Skull: As a rule the skull yielded a 
typical roentgen picture which was fairly 
diagnostic of osteogenesis imperfecta. In 
the early and severe cases the bones which 
have an anatomically thin cortex were 
not dense. The bone visible appears to be 
made up of isolated islands. Early in the 
course of the disease the suture lines were 
dificult to discern, but later they were 
marked by the development of numerous 
wormian bones especially about the lamb- 
doid and coronal sutures (Fig. 4). An in 
trease in the bitemporal diameter of the 
skull with decrease in its height was com- 


Fig. 7. Clubbing of the diaphyseal ends of the 
bones with deformed, foamy appearing epiphysis, 
in patient fourteen years of age who had non-hereditary 
congenital type of osteogenesis imperfecta. 


mon and in two cases secondary platybasia 
was noted. 

Vertebral Column: Numerous examples 
of softening of the vertebrae were seen, 
with flattening and wedging of the bodies 
and associated ballooning of the interverte- 
bral disks. One angulated fracture of the 
sacrum was encountered (Fig. 5). 

Long Bones: The characteristic roent- 
gen findings in long bones were a thin 
porotic cortex and a relatively large med- 
ullary cavity (Fig. 6). The cortex was 
composed of coarse, longitudinally lami- 
nated layers which could be seen clearly in 
the original roentgenograms. This finding 
was substantiated histologically. The po- 
rosis of the bones of the lower extremities 
appeared to be more severe than that in 
the upper extremities. This could be ex- 
plained as an atrophy of disuse subsequent 
to many fractures and superimposed on al 
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Fig. 8. Rachitic type of pelvis and ballooning of the 
intervertebral disks with narrowing of vertebral 
bodies. 


ready porotic bone. Small long bones, such 
as the fibula and ribs, sometimes appeared 
in the roentgenogram as mere whip-like 
wisps of bone. 

The epiphyseal lines were usually fairly 
regular and the epiphysis was normal in 
contour but large in proportion to the size 
of the diaphysis; in several cases, however, 
in this series both were grossly distorted 
and irregular (Fig. 7). In these cases the 
condition was exceptionally severe and the 
changes might be interpreted as the result 
of weight-bearing or trauma to markedly 
affected epiphyses. Many epiphyses pre- 
sented a foamy appearance, as if a wildly 
misdirected attempt had been made to 
produce normal bony trabeculations. Ab- 
normally early closure of the lower hu- 
meral epiphysis was observed in 2 cases. 

Bowing and angulation of the shafts of 
the long bones is the rule. This in many 
cases was due to the malunion of true 
fractures. In many bones, however, 
marked bowing without any roentgen evi- 
dence of previous fractures was found. 
In still other cases there was severe bow- 
ing with a pseudofracture (Looser zone) at 
the apex of the bow. 

Other Observations: In 4 cases in this 
study a rachitic type of flat pelvis was 
seen (Fig. 8); this with the flattening of 
the vertebrae leads us to believe that the 
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bones in osteogenesis imperfecta are some. 
what plastic when subjected to strains 
True fractures or pseudofractures (Looser’s 
zones) may occur in these regions of stress. 
Definite Looser’s zones were observed in 4 
patients, and in many cases nearly healed 
transverse subperiosteal fractures were 
noted which may originally have been 
Looser’s zones (Fig. 9). Pseudofractures 
(Looser’s zones) may occur in bones with- 
out bowing and have been noted to be bi- 
laterally symmetrical (Camp). 

In 7 cases of the hereditary type of osteo- 
genesis imperfecta the roentgen findings 
were not typical of the disease. Because of 
the history, these cases cannot be excluded. 
The average age of the 7 patients when seen 
at the clinic was forty-three years; the 
youngest was thirty-two years and the 
oldest fifty-four years of age. The fact that 
these patients had lived to this age might 
mean that the process had been milder or 
that with advancing age the bone structure 
had become more nearly normal. Roent- 
genograms revealed normal or slightly 
osteoporotic bone. In 2 of these cases 
osteoporosis, scoliosis, and hypertrophic 
changes in the spine were seen. Unfortu- 
nately, routine roentgenograms of the long 
bones were not made in every instance. 

In 4 cases of the hereditary type the 
roentgen findings could not be distinguished 
from those in cases of the non-hereditary 
congenital type of osteogenesis imperfecta. 
The average age of these 4 patients when 
roentgenograms were taken was eight 
years. They did not have the most severe 
form of the disease and perhaps, as they 
grow older, their bones, too, will assume a 
more normal appearance. 


TREATMENT 


The only specific therapy which has been 
tried in any of the cases of osteogenesis 
imperfecta in this series was the subcu- 
taneous injection of thymic extract as pre- 


pared by Hansen. This was given to 6 
patients, but the subsequent course was 
known in only 4 of these. An evaluation of 
the response to treatment is difficult, since 
the frequency of fractures in untreated 
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cases is variable. In no case did any start- 
ling improvement occur which could be 
attributed, without doubt, to the extract. 

Other measures prescribed were of a gen- 
eral nature to facilitate the absorption and 
utilization of calcium and phosphorus. 
These consisted of a diet high in vitamin 
and calcium, cod-liver oil, calcium given by 
mouth, and tonics. 

Braces and casts were applied in some 


Fig. 9. 


infant dying from osteogenesis imperfecta. 
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following the insertion of a wire for an un- 
united fracture of the olecranon process. 
Many endocrine and hormone prepara- 
tions have been tried by various authors 
but none has met with conclusive success. 


COMMENT 
Osteogenesis imperfecta is a disease in 
which the etiologic factor is probably some 
inherent defect in the germ plasm, which 


Necropsy specimens of the ribs and forearms of a two-day-old 


Multiple healed, healing, and 


fresh fractures of the pseudofracture type may be seen 


cases in an effort to prevent and correct 
deformity. Operative treatment was given 
atrialin only 3 instances. One patient had 
undergone four operations for an ununited 
fracture of the femur with resultant absorp- 
tion of nearly the entire upper third of the 
femur. A second patient had multiple bone 
grafts for ununited fractures of the femurs 
before obtaining union in one. One auto- 
genous and three homogenous grafts were 
wed. This patient recently had an am- 
putation for the fracture of the united 
femur. A third patient had a good result 


Osteo- 


may be hereditary or sporadic. 
genesis imperfecta results in maldevelop- 
ment of mesenchymal tissues of the body, 
which is manifest in the main by brittle 


bones, blue sclera, and _ osteosclerosis. 
There is no known specific treatment. 


Mayo Foundation 
Rochester, Minn 
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Osteopetrosis (Albers-Schénberg Disease), with Case Report’ 


CARL A. W. ZIMMERMANN, III, M.D. 


Cape Girardeau, Missouri 


tie FOLLOWING case of osteopetrosis, or 
Albers-Schénberg disease, is believed 


to be the 120th to be reported in the litera- 


ture. 


A nine-year-old boy, complaining that his face 
was “crooked,” was seen by Dr. O. L. Seabaugh, 
who referred the case to the roentgen department of 
St. Francis Hospital (Cape Girardeau, Mo.) for 
examination and courteously permits this report. 

In December 1939, the patient had fallen, striking 
his occiput on the frozen ground. He did not lose 
onsciousness, but was unable, immediately after 
the accident, to close his left eye and it was noticed 
that the left side of his face was immobile. Under 
electric treatment” this condition was said to have 
jisappeared. Three months before he came for ex- 
amination, the right side of the face gradually be- 
came flaccid, and the appearance was typical of a 
seventh nerve paralysis. 

The boy had had a large head at birth. There was 
ahistory of a difficult forceps delivery and resuscita- 
tion only after prolonged effort. For two weeks the 
hild lay limp, yet unable to sleep, and had to be 
fed with a medicine dropper. Subsequently he was 
bottle fed, receiving in addition cod-liver oil and 
range juice. He had three teeth at threee months 
and the remainder appeared ‘‘in order.’’ He walked 
at eighteen months but until the age of seven his 
gait was stiff and awkward. During an acute illness 
a his fifth year his face had appeared ‘‘drawn’’ for 
afew days. Though he had experienced a number 
f serious falls, he had never broken any bones. 
He had entered school at the age of six and had kept 
up with his 

The parents were unrelated. A 
rother was healthy. The maternal grandmother, 
a great-aunt, and the paternal great-grandfather 
The maternal grandfather had tu- 
verculosis, and there was a history of tuberculosis, 
also, in the father’s family. A maternal aunt, now 
aged 38, had experienced a severe head injury and 
meningitis in childhood. She was deformed and 
eeble-minded, and had been told by a physician 
that her bones were ‘‘too soft.” 

The boy was small—much smaller than a friend 


classes. 
two-vear-old 


had carcinoma. 


af the same age who accompanied him—and pale. 
He weighed 82 pounds and was 54 1/2 inches tall, 
well nourished, and fairly well developed muscu 
arly. His head appeared disproportionately large in 
relation to his bi dy. It was ovalin shape, measuring 
4.5 em. in the occipito-frontal diameter and “15.5 
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cm. bitemporally. The hands and feet were very 
small. The abdomen was slightly protuberant. 
The patient had a ravenous appetite but did not 
complain of excessive thirst. He recognized neither 
salt nor sugar on the right side of the tongue. He 
vomited at irregular intervals without relation to 
food, the vomitus consisting of a thick mucus. The 
physical findings referable to the oral cavity and di- 
gestive tract were otherwise normal. The spleen, 
liver, and kidneys were not palpable; there were no 
abdominal masses, nor did the circulatory, genito 
urinary, or lymphatic system show any significant 
abnormalities. Mouth breathing was observed and 
there were frequent post-nasal clearing 
There was no thyroid or parathyroid enlargement. 
The right side of the face was smooth and immo 
bile, the upper lid could not be closed, and taste on 
the right side was impaired, as mentioned above. 
Otherwise the general neurologic findings were not 
unusual. The patient responded to questioning in 
telligently and co-operatively. There was no rigid- 
ity of the neck, gait was normal, pupils were equal 
and response to light and accommodation unim- 
The tendon reflexes were normal, though 
The grip was weak in 


noises 


paired. 
rather small in amplitude. 
both hands and the boy frequently dropped things. 

The eve grounds were normal; the sclerae white. 

The patient wore an audiphone on the left side, 
without which he was totally deaf. The report on 
the ear condition was made by Dr. M. H. Shelby. 
At the age of three and a half vears there had been a 
bilateral middle ear which continued to 
drain for about six months, when tonsils and ade 
This operation seemed to clear 


abscess, 


noids were removed. 
up the ear trouble, for there was no drainage for 
about one year. The patient then contracted a 
“head cold,” which was followed by a right otitis 
media. After a second adenoid removal, the right 
ear ceased draining within eight to ten days and to 
the parents’ knowledge neither ear had drained since. 
Hearing had gradually grown worse since the first 
abscess formation at three and one half years. Ex 
amination revealed narrowing of the auditory canals 
with marked scar formation of both drum heads, so 
much so that landmarks were obscure. Perforation 
There was now no 
Hearing tests 


was not evident on either side. 
evidence of drainage from either ear. 
revealed bilateral conduction and nerve deafness. 

In February 1941, when the patient had been 
treated for acute rhinitis, he was unable to breathe 
through either nostril. On account of the obstruc 
tion to the nares, nasai diphtheria was suspected, but 
cultures were negative for diphtheria organisms. 
The obstruction was due more to bony thickening 
than swelling of the soft tissues. 
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Fig. 1. Lateral view of the skull, showing general- 
ized density with radiolucence in frontal and occipital 
areas. 


The findings on urinalysis were not significant. 


Blood studies showed: hemoglobin 75 per cent; 


color index 1; red cells 3,570,000; white cells 5,500; 
non-protein nitrogen 3.3 mg. per 100 c.c.; sugar 60mg. 
per 100 c.c.; calcium 12 mg. per 100 c.c.; inorganic 
phosphates 5.2 mg. per 100 c.c.; cholesterol 237 mg. 
per 100 c.c. The basal metabolism rate was —6. 

Roentgen studies showed abnormal bone structure 
throughout the skeleton. A routine lateral view of 
the skull is reproduced in Figure 1. Except for a 
portion of the frontal and occipital region the entire 
skull, including the facial bones, shows a uniform 
density, quite impenetrable to the x-ray and devoid 
of normal structural markings. The sella turcica is 
small, with thick posterior clinoid processes. Buds 
of unerupted teeth are seen. The frontal and occipi 
tal area are so in contrast to the remainder of the 
skull that at first glance an aerocele is suggested. 
Here blood vessel markings appear as fine lines. 
Suture markings are not recognizable. None of the 
usual air-containing structures is pneumatized 
The mastoids do not stand out. The general den 
sity involves the nasal bones which encroach upon 
the nasal spaces. Several cervical vertebrae in- 
cluded in the film are seen to be dense and structure- 
less. Intervertebral discs are unrecognizable except 
as dense structures fusing with the bodies. 

Figure 2 is a view of the same anatomical area 
taken with greatly increased kilovoltage. The lamb- 
doid and coronal sutures are faintly visible, as are 
numerous blood vessel markings, usually finer than 
normal], and convolutional impressions. In the cer- 
vical spine the intervertebral disc spaces are recog- 
nized. 

Figure 3 shows the same structureless density in 
the ribs, the thoracic and lumbar vertebrae, the 
pelvis, and the upper extremities of the femurs. In 
the necks of the latter the bone structure is faintly 
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visible. The ilio-sacral synchrondroses are faintly 


outlined. Intervertebral spaces are seen in the 
lumbar region. Of the soft structures, the psoas 
muscle and kidneys are demonstrable. No renal 
calculi are present. A lateral view of the spine 
(Fig. 4) shows the density of the bodies, processes, 
and laminae 

In Figure 5 the lower femurs and upper tibiae and 
fibulae appear as dense, almost homogeneous struc. 
tures, with the medullary canal poorly demarcated 
and no bone detail. The diaphyses of the larger 
bones show some spreading. The shafts present fine 


Fig. 2. Lateral view of skull made at greatly in- 
creased kilovoltage, showing convolutional impressions 
and blood vessel and suture markings. 


striations running parallel to the long axes. In the 
right fibula there is a radiolucent developmental 
defect at the upper medial border. No calcification 
of blood vessels or tendons is noted. 

Figure 6 shows the right hand of the patient be- 
side the left hand of his friend of approximately the 
same age. The diaphyses of radius and ulna show a 
suggestion of structure. The epiphysis of the radius 
fails to show the articular impress for the navicular 
and semilunar bones. The small carpal bones corre- 
spond to those of a six-year-old child and fail to show 
normal structure. The rings mentioned by some 
other authors (8) are not seen. The metacarpals, 
while dense between the bases and mid-shaft, pre- 
sent a ground-glass appearance of the bases and dis- 
tal metaphyses. The third and fourth bases are 
smoothly rounded, presenting no facets for their re- 
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spective carpals. The epiphyses show faintly nor 
mal bone architecture as if through ground glass. 

In the proximal phalanges the epiphyses through- 
wt have a ground-glass appearance, as do the shafts 
in their proximal halves, while the distal halves 
oresent a milky white opacity. Normal architecture 
is absent. The middle and distal phalanges show 
,similar picture. The entire hand is small and the 
contrast between it and the normal hand of the 
ther boy is great. Pictures of the patient's foot 
and the foot of his nine-year-old friend showed the 
same contrast. 


_ Fig 3. Ribs, spine, pelvis, and upper femurs 
These show the same structureless density as the skull 
cept that in the femurs some architectural detail is 
evident. 


GENERAL DISCUSSION 


The case described is a typical instance 


ft Albers-Schénberg disease (osteopetro- 
is; osteosclerosis fragilis generalisata ; con 
genital osteosclerosis), a condition first de 
“ribed by the physician whose name it 
ears in 1904 (5) and termed by him 
marble bones’’ because of the density of 


the skeletal structure. His patient was 
twenty-six years old and was followed*for 
din wn ; ; 

“even years, in which time there were no 
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Lateral view of the spine and ribs; absence of 
normal architecture 


Fig. 4. 


bone changes, though the mental capacity 
was reduced and the patient had a pro- 
nounced pallor. The nature of the condi- 
tion is no better known today than it was to 
the discoverer. The number of cases re- 
ported, as mentioned above, is small, but 
well written articles with reviews of the 
literature are available (1, 2, 12). 

The signs of the disease are so charac 
teristic that there is no difficulty in making 
a diagnosis even after an incomplete ex 
amination; yet there are many variables 
In 2 of the recorded cases the diagnosis was 
made clinically (2, 14) on the basis of blind 
ness due to optic atrophy, multiple bone 
fractures, anemia, and stunted growth. 
In all other instances the diagnosis was 
made as a result of roentgen studies, either 
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Lower femurs and upper tibiae. The medul- 
Longitudinal stria- 


Fig. 5. 
lary cavity is poorly demarcated. 
tions can be seen. 


to determine the nature of fractures which 
had occurred or in search of other condi- 
tions. Thus Anthony and Pollack (10), 
examining a nine-year-old colored girl, blind 
for seven years, for a fracture of the femur, 
recognized the abnormality of osteopetrosis 
on the roentgenogram. They thereupon 
took films of the optic foramina, which 
measured 2.4 3mm, They quote Clegg, 
who found the normal measurements to be 
4.1 X 4.65 mm., and who concluded that an 
optic foramen measuring less than 2.8 mm. 
in any of its diameters could not contain a 
normal optic nerve. Eye ground examina- 
tion in this colored girl revealed bilateral 
optic atrophy. Today the disease should 
be suspected from the findings and signs 
mentioned above, especially in children, 
provided deafness or blindness is present. 
It is of interest to note that our patient 
was seen in two large metropolitan hospi- 
tals, where the condition escaped detection. 
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Etiology: It is generally admitted that 
the cause of the disease is unknown. There 
are numerous speculations as to its origin, 
An antenatal process has been mentioned 
on the basis of the discovery of the disease 
in utero (4, 13), in newborn infants (12). 
andin young children. We believe that our 
case began in utero because of the large head 
at birth and the non-aerated cranial s- 
nuses. In support of an antenatal origin 
Kopylow and Runowa (2) call attention 
to the absence of pneumatization of the 
maxillary sinuses, which should take place 
no later than the fourth month of intra- 
uterine life. They theorize further that, 
since the other sinuses—frontal, ethmoid, 
and sphenoid—which should be pneuma- 
tized at the age of one and two and one-half 
years, respectively, are not pneumatized, 
the disease is a progressive one. McPeak 
(11) also, in reporting 8 cases, indicates a 
progression of the disease as age advances. 
Pirie, who attributes a role to avitamino- 
sis, believes that complete marbling of all 
the bones does not occur until puberty. 
Pirie’s theory of 


Kupylow objects to 
avitaminosis on the ground that in many 
cases nutrition was not faulty. 

The theory of intra-uterine orgin of the 
disease immediately suggests a possible 
influence of consanguinity of parents and 


heredity. Mayer reported a case in the 
daughter of first cousins (16). Alexander's 
patient (1) was one of the fourth genera- 
tion of parents on the mother’s side who 
were cousins. The parents of McCune’s 
patient were cousins, and that author 
found 6 other such instances in the litera- 
ture. The parents of our patient were not 
related. 

Pirie (4) records a case in a mother and 
three childen, while McPeak (11) reports 5 
cases occurring in three generations of one 
family. Hyperostosis of the calvarium, 
the cause of which is also unknown, was 
demonstrable in the imbecile aunt of our 
patient. This case would fit into Moore's 
(7) classification, which includes hyper- 
ostosis fronto-parietalis. 

Moore speculates on and then discards 
the possibility that the endocrine system 
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is a responsible agent, though obesity is 
evident in pictures of his patients. The 
group of glands credited with responsibility 
of maintaining calcium balance cannot be 
held responsible, since the pituitary, para- 
thyroids, and thyroid have regularly been 
found normal when examined postmortem, 
except that in one instance Pehu, quoted 
by McCune (12), found an adenoma of the 
parathyroid gland. 


carcinoma and tuberculosis has been men- 
tioned by some authors and is conspicuous 
in our case. 

Nature of Lesions: In order to avoid 
repetition it may be well to consider the 
gross pathology together with the roent- 
gen findings. The great bone density is 
immediately demonstrable both roent- 
genologically and pathologically. A com- 
mon characteristic of the disease is the oc- 


Fig.6. The patient’s right hand, with the left hand of a normal boy of the same age for contrast 


Stressing the hereditary element and 
frequency of the disease in children, Her- 
scher and Stein (9) favor the theory of a 
“hereditary defect in the germ plasm car- 
red as a mendelian recessive factor and 
accentuated by inbreeding.’ Pirie sug- 
gests infection as a cause, and Alexander 
the existence of a primary rachitic-osteo- 
malacic process. 

We believe syphilis, a family history of 
diabetes, carcinoma, and tuberculosis may 
be dismissed as etiologic factors on the 
ground that they are too rarely associated 
with the disease, though a family history of 


currence of frequent and multiple bone 
fractures. This has moved one author (6) 
to classify the disease under the head of 
fragilitas ossium. The fractures occur 
under the slightest insults, such as twist- 
ing the body, applying a tourniquet, etc. 
(For this reason I did not take our patient's 
blood pressure.) Some heal readily without 
callus, leaving no evidence (1); others heal 
with abundant callus; others do not heal at 
all, and in certain localities, as in the upper 
ends of the femurs, false joints may be 
formed (1). Neither Pirie’s patient (4) 
nor ours had any fractures, and fractures 
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were present in only 2 of 8 cases reported 
by McPeak (11). 

In some cases (2), including ours, the 
general bone contour has been preserved; 
in others there has been clubbing (1, 10, 
11, 12, 14, 15) and again a ‘“‘fluting’’ (13) 
of the long bones. Transverse striations 
are mentioned in some cases (10, 11). In 
the case here reported the striations are 
longitudinal. 

The nasal bones deserve more attention 
than they have received. In our patient 
these were so thick as to reduce the respi- 
ratory lumen and cause frequent post-nasal 
clearing noises, which probably led to the 
two operations for adenoids. McCune (12) 
mentions a nasal discharge and indicates 
but does not stress the occurrence of thick 
nasal bones as acause. Other authors (13) 
mention nasal discharge and even a typical 
facial expression (14) but do not anticipate 
the reasons. Narrowing of the calibre of 
the auditory meati, as observed in our 
case, has not been noted, though deafness 
is mentioned a number of times. 

In nearly all cases recorded in the litera- 
ture available to us the bones of the skull, 
including the face, presented a homogeneous 
density. In all cases the base of the skull 
has been involved In our patient the 
frontal bones and in Merrill's (3) the facial 
bones escaped. Retarded dentition with 
early decay has been observed frequently, 
and even necrosis of maxilla and mandible 
has been noted. Our patient had three 
teeth at three months and when he was 
seen by us the teeth were in good condition. 
Vidgoff’s patient (8) was born with two 
teeth. Karshner (14) says the teeth are 
invariably bad. 

Comments on bone density are interest- 
ing. Pirie’s drill sank into the diseased 
bone as it would into chalk. At the same 
time he quotes Henderson as follows: ‘In 
the cases operated on the bones are so 
hard that they break the edge of the chisel 
or drills.”” In Alexander's (1) case a nail, 
intended to secure broken bone fragments, 
was sheared off. Brailsford (5) examined 
several bone specimens in the Museum of 
the Royal College of Surgeons, London, 
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and describes a skull and humerus as ivory 
hard. 

The microscopic descriptions also vary 
considerably and deserve quoting at some 
length. Alexander’s (1) case came to 
autopsy and his pathologist, Professor 
Hart, reports on the bone structure as 
follows: 


“There is a very beautiful picture of new bone 
formation, as much in the periosteum as in the osteo- 
blasts, which exists as a continuous covering but is 
composed of low flat cells with dark spindle-shaped 
nuclei. 

“The bony edges everywhere are not only narrow 
and firm and below the normal breadth, but may be 
even entirely absent. 

“The incomplete new bone picture shows espe- 
cially in the border between the bones and the car- 
tilages of the ribs and long tubular bones, where the 
metaphysis shows an entirely undeveloped cortex 
and a very insufficient spongiosa. In the short bones 
the entire bone picture is one of generally poorly de- 
veloped cortex. 

“The irregularities of the bone and cartilage zones 
are dependent for the most part on the deficient ac- 
tivity of the osteoblasts. Osteoblasts were found 
everywhere, but their number was so small that it 
constituted real deficiency. Under these conditions, 
there arises a real complete disappearance of the bone 
construction. 

“A relatively increased content of lime salts, for 
whose etiology we will need to look further, has 
thereby appeared in the rapid calcification of the 
osteoids. The degree of thickening of the bone sub- 
stance is increased because in the narrow medullary 
spaces chalk masses have been deposited, which 
here and there have been found in the narrow blood 
canals and have completely filled the medullary 
tissues. 

“This deposit of lime is partially found in the 
walls of the arteries, but is most pronounced in the 
construction of the medullary tissue. 

“This occurs exceptionally in the metaphysis, but 
for the most part is present in the lymphoid tissue, 
which, in other places more or less separated, is re- 
placed by a fatty tissue or a very loose tissue com- 
posed of an extremely soft fibrous reticulum with 
small fat cells intermingled.” 


Describing Kopylow’s case (2) Tescher- 
epnina writes: 


“The characteristic spongy structure of a piece of 
excised clavicle with narrow cortex and fine bone 
columns with wide marrow spaces is replaced by 4 
compact bone mass. In this bone mass the haver- 
sian and ground lamellar system are readily recog- 
nized. The few marrow spaces contain partly mar- 
partly a developing connective tissue. 


row and 
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Most of the spaces are narrowed as a result of thick 
ening of the bony columns. In many areas active 
osteoblasts and a zone of newly formed bony struc 
ture is readily discerned. Occasionally lacunar 
bone resorption and heaping of giant cells of the 
steoclast type is noticed. The entire process pre 
gnts the characteristics of osteosclerosis in its higher 
stage of development of eburnation 

The bone marrow consists principally of myelo 
evtes, stab and juvenile forms, occasional megakary 


cytes and normoblasts.”’ 


In Pirie’s case still other differences are 
described, namely: 


Section taken so as to include epiphysis, epi 
shyseo-diaphyseal line and diaphysis presents the 
following picture: the epiphysis shows relatively 
normal appearing cancellous bone composed of spic 
ules with very little enclosed cartilage. Between 
the spicules there is a large amount of relatively 
hemorrhagic myeloid tissue containing considerable 
fibrillar matrix. As one approaches the epiphyseo 
diaphvseal line there are greater inclusions of carti 
lage in the bony spicules. The line varies consider 
ably in thickness, showing a firmer, lighter staining, 
more compact area of cartilage toward the epiphysis 
and a more cellular cartilaginous zone which varies 
considerably in thickness toward the diaphysis. 
The histological structure of the diaphysis is dis 
tinctly different from that of the epiphysis. It 
impresses one as being fundamentally calcified 
cartilage in which are smaller and larger irregular 
pen spaces. These open areas compose less than 25 
per cent of the total structure and are lined by irregu 
Scattered throughout the 


innumerable 


lar masses of bony tissue. 


alcified cartilaginous material are 


This 


afrangement persists well out to the periosteum 


rounded by it so that no open space is present. 


though there is present a narrow irregular zone of 
I Compared with the 


riosteal compact bone. 
iphysis the diaphysis is here much less vascular. 
he open spaces contain rather cellular, irregular, 
fibroblastic strands, but few typical myeloid cells. 
flattened osteoblasts are conspicuous about the lin- 
ing of the spaces, but typical osteoclasts are com- 
paratively rare. 

Beyond the end of the bone as one enters the 
aait the ossification is much more complete, the 
pen spaces are much larger and myeloid cells are 
toundin them. Even here, nevertheless, there is an 
normal amount of cartilage in the bony spicules 
and there 1s a relatively large amount of osteoid tis 
sue. Here a definite zone of compact bone of consid 
erable thickness is present beneath the periosteum.”’ 


In Clifton’s (13) case no haversian sys 
tem, canaliculi, or laminae were recognized, 
nor were there osteoblasts or osteoclasts. 
McCune and Bradley (12) have summa 


rized the pathological findings of numerous 
authors. 

Aside from bone changes an enlarged 
liver and spleen have been found a number 
of times. It has been suggested that this 
may be a compensatory response (14) to 
replace the bone marrow hematopoietic 
function, lost by encroachment of calcium. 

Blood chemistry studies are not en- 
lightening, for there is no general departure 
from the normal. McCune reports slightly 
low calcium; Kopylow reports a high cal- 
cium on one examination, normal in others. 
The high cholesterol in our case is not ex- 
plained, nor is the low sugar or increased 
calcium. Anemia is an associated finding 
almost without exception and in some cases 
has reached a severe degree. The explana- 
tion seems to lie in the encroachment of 
calcium on the hematopoietic bone struc- 
ture. The association of Hodgkin’s disease 
in one case must be looked upon as a coin- 
cidence (9). 

Some unexpected observations have been 
recorded. One is that there are no paraly- 
ses of spinal nerves, even though the spinal 
column is extensively involved. One 
would not expect the pelvic bones to yield 
normally in response to the requirements of 
pregnancy and childbirth, yet Alexander's 
(1) forty-three-year-old patient had six 
pregnancies with five full-term children. 

Prognosis: The answer to the question, 
‘‘What is to be expected from this disease?” 
is as has been recorded. The thickened 
skull bones compress tissues within the 
cranium as well as structures entering and 
leaving its orifices and eventually produce 
hydrocephalus, mental hebetude, head- 
ache, vomiting, paralyses of various cra- 
nial nerves, which may result in blindness, 
facial palsy, or deafness as in our case. The 
poorly developed bones lack elasticity, 
and break with ease and complications. 
Encroachment on the marrow brings about 
blood dyscrasias. Only a few patients 
have reached an advanced age, and therapy 
offers no hope. Death is usually due to 
hydrocephalus, complications following 
bone injuries, or intercurrent disease 

It is obvious in the light of our present 
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knowledge that only symptomatic treat- 
ment is logical. One author (S) reports 


improvement from the use of iron. 


SUMMARY 

A case of osteopetrosis (Albers-Schén- 
berg disease) is reported. The disease is 
rare and the etiology is unknown. No ex- 
planation is offered for this condition in 
which the unbridled calcium metabolism 
runs so bizarre a course. The involvement 
of the nasal bones has been stressed and 
it has been shown that the auditory meati 
may be diminished in caliber. A number of 
variables found clinically, roentgenologi- 
cally, and pathologically have been men- 
tioned. 
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Roentgen Features of Scleroderma and Acrosclerosis' 


JAMES JACKMAN, M.D. 
Cleveland, Ohio 


CLERODERMA IS not a rare disease. A 

few cases are seen each year in any 
large clinic. Likewise, acrosclerosis (Rey- 
naud’s phenomenon with scleroderma of 
the acral parts, face, and neck) is occa- 
sonally observed. In 1895 Lewin and 
Heller (7) collected 507 cases of sclero- 
derma from the literature. Acrosclerosis 
was first studied and named by Hutchin- 
gn (5) in 1893 and was reviewed in 1931 
by Sellei (13). Both diseases usually have 
their onset in early adult life and affect 
females chiefly. The prognosis in acro- 
slerosis is said to be better than in sclero- 
derma. 

It is the purpose of this communication 
to bring together the important roentgen 
features of scleroderma and acrosclerosis. 
Since scleroderma is a diffuse disease, in- 


volving most of the tissues and organs of 
the body, it is to be expected that the 
roentgen manifestations will also be diffuse. 
A considerable thickening and conden- 


sation of connective tissue occur. In 
arosclerosis there is the added factor of 
angiospasm. Cases illustrating most of 
the important roentgen changes will be 
presented. These changes are: (a) cal- 
“mosis, (b) changes in the osseous system, 

pulmonary fibrosis (questionable), (d) 
esophageal stenosis (occasional). 

a) Calcinosis is the most striking roent- 
gen feature. Thibierge and Weissenbach 
\4) collected 9 cases of scleroderma with 
‘alcinosis, which had been published up to 
ll. Durham (3) reported an addi- 
tonal case and reviewed 13 others between 
the years 1911 and 1926. Three cases of 
arosclerosis were included in this group. 
‘everal cases have been reported subse- 
juently. According to Durham, the in- 


* From the Department of Roentgenology, Cleve 
and City Hospital, and The School of Medicine, 
“estern Reserve University. Accepted for publi 
ation in September 1942 


cidence of calcinosis in scleroderma is | in 
60. Usually it involves only the areas of 
skin sclerosis. It is not commonly found 
beneath normal skin. Scholz (12), how- 
ever, has reported a case in which the cal- 
cium deposits were present beneath normal 
skin beyond the clinically visible areas of 
sclerosis. Calcinosis does not appear to 
be confined to any single type of sclero- 
derma. It involves areas of the body 
that are subjected to pressure. The finger 
tips, elbows, and ischial tuberosities are 
commonly affected. In acrosclerosis, the 
hard plaques are often palpable, and 
ulceration of the distal phalanges is the 
rule. Small particles of calcium may be 
extruded from these ulcers. Uric acid has 
not been found in these areas. They are 
made up of calcium carbonate and cal- 
cium phosphate and vary in size from 
minute dots to large plaques. A signifi- 
cant increase in the blood calcium has not 
been reported. 

(b) Changes in the Osseous System: A 
slow progressive absorption of the distal 
phalanges of the fingers is a common find- 
ing. This absorption is seen most com- 
monly in acrosclerosis. The disease has 
usually been present for several years 
before marked absorption occurs. An 
increase in the calcium content of the 
distal phalanges may also occur. Pod- 
kaminsky (11) and also Edeiken (4) believe 
that the calcinosis, an associated terminal 
absorption, and an occasional increased 
intra-osseous deposition of calcium form a 
characteristic triad and aid in differentia 
tion from other diseases causing absorp 
tion of the distal phalanges of the fingers. 
Synostosis between the distal and middle 
phalanges may occur. Subluxations have 
also been reported. 

Other bony changes occur but are not 
frequent and are not characteristic. Asso 
ciation of scleroderma and melorheostosis 
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Fig. 1. Case 1: Bilateral absorption of distal phalanges 


Fig. 2. Case 2: Calcinosis of the base of the thumb and of the index finger. Mutila- 
tion of the distal end of the middle finger. 


Osteoporosis and 


Leri has been reported. 
kyphosis of the spine and enlargement of 
the sella turcica have all been observed. 
(c) Pulmonary Fibrosis: Two of the 
cases presented here showed shadows 
which we interpreted as fibrosis of the 


lungs. The apparent fibrosis varied from 


fine to coarse strands and was most 
prominent in the lower portions of the 
lungs. The apices are usually spared. A 
diffuse ‘characteristic’? pulmonary fibro- 
sis has been described at autopsy by Kraus 
(6). Murphy, Krainin and Gerson (9) 
have reported a case of scleroderma im 
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which the fibrosis was said to be visible on a 
chest roentgenogram. 

(d) Esophageal Stenosis: One of the 
patients to be described here complained 
of dysphagia. A barium meal revealed 
eight-hour retention of barium in the 
esophagus. The appearance was that 
usually seen in cardiospasm. Esopha- 
goscopy was not done. Dowling (2) has 


reported a case in which there was esopha- 
geal obstruction on roentgen examination 
and it was found at autopsy that the 
esophageal muscles were involved by the 
scleroderma, thus causing the obstruction. 


CASE REPORTS 


Case 1: A 41-year-old white female, born in 
Greece, was admitted to Cleveland City Hospital 
April 16, 1936, complaining of pain and deformity 
of the fingers of both hands. Pain had been present 
in the fingers for the past ten years. Ulceration 
had occurred at the tips of the phalanges several 
years ago and now these phalanges were almost 
absent. Cold weather caused the hands to turn 
bluish black. 

Examination revealed a macular eruption of the 
skin of the face, hands, and arms. The lesions 
varied from 2 to 3 mm. in diameter. There was 
atrophy of the distal phalanges of the hands. The 
skin was firm, thick, and inelastic. 

In a section of the skin removed from one of the 
hands for histologic examination, the most striking 
changes were in the corium, where a profound in- 
crease in the dense collagenous connective tissue 
containing few cells was found. 

The Kline test, blood urea nitrogen, basal meta- 
bolic rate, and routine blood and urine examinations 
were all normal or within normal limits. The 
serum calcium and phosphorus, measured 10.0 and 
40 mg. per 100 c.c., respectively. Phosphatase 
measured 7.1 Bodansky units. 

Roentgenograms of the hands (Fig. 1) revealed 
marked absorption of the distal phalanges typical 
of acrosclerosis. The clinical impression, also, was 
that the case was a typical acrosclerosis. 

Case 2: A 46-year-old white female, born in 
Indiana, was admitted to Cleveland City Hospital 
on Nov. 3, 1941. Her complaints were weakness 
of the lower extremities, ulceration of the right foot, 
and stiffness of the hands. The present illness 
began with coldness in the fingers five years before 
admission. The fingers had been cold and white 
at intervals since. Weakness of the legs and an 
uler on the dorsal surface of the right foot had 
been present for the past seven months. There was 
@ macular eruption on the face, neck, and*chest: 
The nose was thin and pointed. The skin of the 
inger tips was white and shiny and small ulcers 


Fig. 3. Case 2: Extensive calcinosis of the thigh 
and in the region of the ischial tuberosities, 


were present on some of the distal phalanges. 
Hard, bone-like plaques were palpable in the distal 
end of the right index finger and at the base of the 
right thumb. Similar plaques could be felt in the 
region of the ischial tuberosities and in the upper 
thighs. 

Roentgenograms of the hands revealed dense 
plaques of calcium in the soft tissues of the distal 
phalanx of the right index finger and at the base of 
the right thumb (Fig. 2). There was early bone 
absorption of the distal phalanx of the right middle 
finger. Calcified plaques were present in the thigh 
and gluteal regions (Fig. 3). Roentgen examination 
of the skull, feet, chest, esophagus, stomach, and 
duodenum revealed no evidence of organic disease 
of any of these structures. 

Histologic examination of a portion of skin and 
muscle revealed changes consistent with sclero- 
derma. The basal metabolic rate was plus 25, 
blood cholesterol was 143 mg. per 100 c.c., and 
blood calcium and phosphorus determinations were 
normal. The blood Kline test was negative. 

The clinical impression was acrosclerosis. The ex 
tensive calcinosis in this case is unusual. Further ab- 
sorption of the terminal phalanges is to be expected. 

Case 3: A 55-year-old white female, born in 
Russia, a housewife, was admitted to Cleveland 
City Hospital on July 23, 1940. There had been 
previous admissions in 1930 and again in 1935. The 
patient had been well until 1927. At that time she 
became aware of uncomfortable sensations in her 
neck and noticed that her skin was becoming thick 
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Fig.4. Case 3: Successive films of right hand, made 
in 1930, 1935, and 1940 (reading from above down). 
Note the slowly progressive absorption of the distal end 
of the middle finger 


and slightly discolored. Adrenalectomy was per 
formed elsewhere for hypertension in 1927. For 
the past several years the patient had noted the 
presence of painful ulcers on the tips of the fingers. 
There was no history of respiratory infections or of 
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pneumonia. For several years, however, there had 
been a feeling of heaviness in the chest and burning 
immediately after eating. Vomiting had not occurred. 

Physical examination revealed masked facies 
with thick, shiny, indurated skin. There was 
limitation of motion of all joints. The heart was 
enlarged and the blood pressure measured 250/100, 
Routine blood and urine examinations were negative. 
The blood calcium was 10.2 and phosphorus 4.2 mg. 
per 100 c.c. 

The clinical impression was scleroderma. 

Roentgenograms of the right hand were made in 
1930, 1935, and in 1940 (Fig. 4). They show a 
slowly progressive absorption of the distal phalanx 
of the middle finger. There was slight calcification 
of the soft tissues of this phalanx in the last two 
examinations. Calcium deposits were also present 
in the region of the left ischial tuberosity (Fig. 5) 
and around the left elbow. A chest roentgenogram 
revealed a shadow interpreted as a coarse fibrosis 
of the left upper and right lower lobes (Fig. 6). It 
was not possible to determine whether the fibrosis 
was secondary to the cardiac disease or due to the 
scleroderma, or of some other cause. A barium 
meal was administered and, although small amounts 
entered the stomach at intervals, barium was re- 
tained in the esophagus eight hours after adminis- 
tration (Fig. 7). Esophagoscopy was not done. 

Case 4: A 46-year-old white female, born in the 
United States, was admitted to Cleveland City 
Hospital on May 19, 1941. The chief complaints 
were painful fingers, thickening of the skin of the 
fingers and of the face, and loss of 25 pounds in 
weight during the past six months. There was no 
history of cough and no gastro-intestinal symptoms 
were present. 

The patient was still obese despite the history of 
weight loss. The skin of the hands was shiny and 
inelastic. Examination of the chest and abdomen 
revealed no abnormalities. Results of laboratory ex 
aminations were all normal or within normal limits. 
The blood calcium and phosphorus were normal. 

Several roentgen studies of the chest were 
made. Two of these are reproduced (Figs. 8 and 9). 
Examination of each film revealed a shadow suggest- 
ing fine fibrosis of the lungs, chiefly on the left side. 
Films of the hands showed no abnormality. The 
patient was given physiotherapy without benefit. 
She was discharged ten weeks after admission un- 
improved. 

The patient was bedridden at home and was 
readmitted on Nov. 2, 1941, with convulsions. 
She died two hours after admission. 

Autopsy, performed by Doctor John 
revealed many coarse hyalinized bundles of fibrous 
connective tissue in the skin. There was hypet- 
plasia of the spleen and lymph nodes. The lungs re- 
vealed interstitial and perivascular fibrosis (Fig. 10), 
probably scleroderma; the distribution was similar 
to that seen on the films. There was mucosal and 
fibrosis of the and & lon. 


Paget, 


submucosal stomach 
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Figs. 5-7. Case 3: 


Fig. 5 shows calcification near the left ischial tuberosity 


Fig. 6 is a chest film made on 


Aug. 15, 1940, showing the shadows interpreted as fibrosis at the base of the right lung and throughout the left 
lung. Fig. 7 shows the appearance of the esophagus and stomach shortly after the administration of barium 
Barium was retained in the esophagus eight hours after administration 


Figs. 8and 9. Case 4: 


lung. These are especially prominent at the right base and throughout the left lung 


Chest roentgenograms showing the shadows that were interpreted as fibrosis of the 


Fig. 9, on the right, shows 


the persistence of these shadows three weeks after the first film was made 


Severe vascular disease was found in all sections ex- 
cept the brain. The large arteries showed intimal 
proliferation with occasional cellular infiltration of 
the intima. The predominant cell was the lympho- 
cyte. The arterial disease was not considered to 
be polyarteritis nodosa. 


COMMENT 

The essential pathologic finding in sclero- 
derma is thickening and sclerosis of the 
collagenous bundles. The disease is not 
limited, however, to the skin and under- 
lying connective tissue. Muscle, bone, 
and fascia are said to participate in the 
pathologic change. This may explain the 
occurrence of pulmonary fibrosis and 
esophageal stenosis. The necrosis of the 


terminal phalanges of the fingers is second- 
ary to the associated vasospastic phenom- 
ena which accompany acrosclerosis. 


The occurrence of calcinosis may be 
explained on the basis of the solubility of 
lime salts in acid and alkaline media. 
These salts are more soluble in acid media 
and remain in solution in normal tissues 
whose carbon dioxide tension is high be- 
cause of the active metabolism. In dead 
tissues there is lowering of the carbon 
dioxide tension as a result of lowered 
metabolism. The reaction becomes alka- 
line and lime salts are precipitated from 
blood and lymph which diffuse into the 
area (5S). 
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Fig. 10. 


SUMMARY 


On the basis of four cases and a study 
of the literature, the roentgen features of 
scleroderma and acrosclerosis have been 


described. They include absorption of 
the bones of the terminal phalanges of the 
fingers, calcinosis, and occasionally pul- 
monary fibrosis and esophageal stenosis. 
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Congenital Atresia of the Esophagus: 


Report of Four Cases’ 


L. K. CHONT, M.D., and L. J. STARRY, M.D. 
Oklahoma City, Oklahoma 


ONGENITAL ATRESIA of the esophagus 
C is a rare condition but is probably 
more often present than diagnosed. The 
literature offers conflicting statements as 
to the incidence. The first case of this 
anomaly was reported by Durston (3) in 
1670. Cautley (2) saw one case in twenty- 
five years of practice, whereas Gage and 
Ochsner (4) saw 6 cases in fifteen months. 
Shukowsky and Baron (9) observed one 
example in 50,000 births, and Lanman (5) 
in 1940 reported 32 cases which were seen 
at Children’s Hospital of Harvard Medical 
School over a period of eleven years. Ros- 
enthal (8) collected 255 cases from the 
literature in 1931; Strong and Cummins 
(10) brought this number up to 263 in 
1934. Several cases have been reported 
since, but the number recorded still does 
not exceed 350. We have 4 cases to report, 


observed within the past three years: 3 
from the University Hospital (University 
of Oklahoma) and 1 from St. Anthony's 
Hospital of Oklahoma City. 

This condition consists in a blind conical 
ending of a somewhat dilated and hyper- 
trophic esophagus, usually at the level of 


the fourth cervical vertebra. This is about 
34 mm. below the larynx and 12 cm. from 
thecentralincisors. The dilatation and hy- 
pertrophy are probably due to attempts at 
swallowing amniotic fluid in intrauterine 
life. In the majority of the cases the distal 
part of the esophagus extends as a narrow 
tube up to the trachea or, rarely, to one of 
the main bronchi (usually the right), 
thus establishing a communication between 
two important systems in the body econ- 
omy—the digestive and respiratory. This 
so-called tracheo-esophageal fistula was 
present in 215 of Rosenthal’s 255 collected 
cases, representing 84 per cent. Rarely is 
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there a fistula between the trachea and the 
upper segment of the esophagus. The two 
segments of the esophagus are usually 
separated by 4 or 5 cm. but may overlap 
as much as 1.5 cm. There is striated 
muscle in the upper portion and smooth 
muscle in the lower or distal segment. The 
fistulous opening into the trachea fre- 
quently looks like the ureteral opening of 
the bladder. 

Other malformations often occur with 
this anomaly. Of these, imperforate anus 
and atresia of the rectum have been most 
frequently observed. Is it not interesting 
to find at each end of the primitive gut fre- 
quently associated anomalies? Horseshoe 
kidney, unilateral kidney, double uterus, 
harelip, and hemorrhagic disease of the 
newborn were also reported as associated 
conditions. Two of our four patients had 
hemorrhagic disease of the newborn. It is 
of interest to note that Plass’ (7) series 
of 94 collected cases, published in 1919, 
revealed 59 instances of accompanying 
anomalies, representing 62.5 per cent; 
24 of the 59 anomalies were atresia ani. 
Statistics published more recently show 
the presence of associated malformations 
much less frequently than Plass’ paper. 
Probably the wider use of roentgen exami- 
nation is responsible for the diagnosis of the 
less obvious cases, which were discovered 
rarely in the past. 

In order to obtain an accurate concept 
of the anomaly under consideration, a re- 
view of the developmental anatomy of the 
esophagus and trachea is necessary. The 
esophagus and trachea develop from the 
foregut, which is the cephalic portion of the 
primitive gut. The upper and lower halves 
of the esophagus develop separately. The 
lower half arises from the pregastric seg- 
ment of the foregut, while the upper half, 
or so-called paratracheal portion, and the 
entire trachea are derived from the retro- 
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pharyngeal segment of the foregut as a 
single tube. This common tube is divided 
into the anterior trachea and posterior 
esophagus by the development of external 
longitudinal grooves, one on each side, 
which eventually unite to form two sepa- 
rate tubes. The long buds appear on the 
ventral surface of the anterior tube or 
trachea (see Fig. 1, Plate 1). All of these 
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Fig. 1. Plate 1. Normal di- 
vision of the foregut into trachea 
and esophagus. Plate 2. For- 
mation of congenital esophageal 
atresia by diagonal development 
of the dividing septa and grooves 
of the foregut. 


changes occur in the first seven weeks of 
intra-uterine life. The anomaly, therefore, 
is present in the two-month embryo. 

In the development of atresia there is an 
abnormal separation of the foregut. This 
is more readily understood if one imagines 
the septa and grooves as developing in a 
diagonal rather than a longitudinal man 
This is diagrammatically shown in 
It could also be shown in 
the autopsy 


ner 
Figure 1, Plate 2. 
a diagrammatic sketch of 
specimen of one of our cases. 

It is thought-arresting to speculate as to 
the cause of this radical departure from 
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the normal in this particular stage of de. 
velopment. Numerous theories have been 
advanced. As with other malformations 
of development, which are not infre. 
quently associated with esophageal atre- 
sia, trauma and intra-uterine inflammation 
have both received consideration as etio- 
logic factors. Pressure on the yet undi- 
vided tracheo-esophageal tube by aberrant 
blood vessels or by the heart has been sug- 
gested among other possibilities. After 
all theories have been weighed, however, 
one must exclude the presence of any ex- 
trinsic factor and return to the funda- 
mental one, namely, a primary deficiency 
in the developmental capacities of the cor- 
responding entodermal cells in the tissues 
concerned. MacKenzie (6) reported this 
condition in three children of the same 
father but of three different mothers. His 
report and the astonishing similarity of the 
macroscopic pathology of all recorded 
cases strongly support this theory. 

It is natural that the symptoms of this 
anomaly are strikingly uniform, since the 
anatomical changes are similar. The one 
warning sign which may be seen is the over- 
abundance of amniotic fluid at the time of 
parturition. Whether or not this hydram- 
nion is due to inability of the fetus to 
swallow amniotic fluid, as Ballantyne (1) 
has suggested, we are not prepared to say. 
It seems certain, however, that otheranoma- 
lies are frequently heralded by the same 
manifestation. The newborn infant ap- 
pears of normal weight and cries readily; 
no abnormality is at first apparent. The 
first sign which may be noted is a con- 
stant drooling of saliva and mucus during 
sleep. The abdomen is shallow; but in the 
presence of an accompanying broncho- 
esophageal fistula, which is observed in 
about 90 per cent of the cases, the air- 
filled stomach produces a fullness in the 
epigastrium in contrast to the shallowness 
of the lower abdomen. The dramatic event 
occurs when the baby is first put to the 
breast. The first few swallows are normal 
(filling of the proximal segment), but are 
followed by violent spasmodic coughing 
of frothy milk and 


with regurgitation 
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Fig. 2. Case 1: 


mucus and rapid onset of cyanosis. The 
child appears literally to drown in its 
mother’s milk. After a rather rapid re- 
very, the attempt at feeding is again 


made with a repetition of the results de- 
There follow enormous distention 
f the upper gastro-intestinal tract with 
air, signs of dehydration, as evidenced by 
the blood examination, depressed fonta- 
nelle, meconium stools with no lanugo hairs, 


scribed. 


nly bile-stained 


mucus, 
trated urine, fever, inanition, 
quently, aspiration pneumonia. 
Obstruction to the passage of a catheter 
nto the esophagus, 12 cm. from the central 
neisors, strongly suggests the diagnosis. 
Roentgen examination by contrast media 
reveals the upper segment of the esophagus 
a a distended sac ending blindly some- 
where above the tracheal bifurcation, most 
iten at the level of the fourth dorsal ver 
tebra. If the stomach containing gas can 
¢ demonstrated roentgenographically, 
tis is a diagnostic sign of the presence of 
tacheo-esophageal fistula. The contrast 
medium used should be lipiodol and not a 
‘mum mixture, since aspiration of the 
atter may lead to bronchopneumonia. 
Secently, air injection has been suggested 
mstead of lipiodol. 


scanty concen- 


and, fre- 


ESOPHAGUS 


Upper segment of atresic esophagus filled with lipiodol. 


Confusion in diagnosis most frequently 
occurs in birth injuries, brain injuries, en- 
larged thymus, atelectasis, and pneumonia. 

Treatment has not been effective as to 
cure but only for palliation. It consists in 
a tying off of the cardiac end of the esopha- 
gus in order to prevent regurgitation and a 
gastrostomy for feeding. Theoretically, 
it should be possible later to form an an- 
terior thoracic esophagus by removing the 
upper segment to the neck, but no child 
has survived a sufficient length of time to 
permit such an attempt. 


CASE REPORTS 


Case 1: B. E. J., a two-day-old boy born at 
term (spontaneous delivery), was brought to the 
University Hospital with a history of blue dis- 
coloration at birth. He had never breathed well 
and vomited everything over a teaspoonful of nour 
ishment, with accompanying mild attacks of blue 
discoloration and breathlessness, The family his 
tory was unimportant. 

The child was well developed but acutely il. 
The face was cyanotic, respiration was labored, and 
from the mouth and 
there 


mucus was exuding nose 


Interspaces showed slight retraction; were 
coarse breath sounds, moist rales, and no demon 
strable dullness rhe heart was essentially normal; 
no visible peristalsis or palpable abdominal masses 
were observed The extremities were essentially 
negative 


rhe temperature 


was 104.6°; respiration 50; 
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Dilated upper segment of atresic 
demonstrated by lipiodol 


Fig. 3. Case 2: 
esophagus 


hemoglobin 100 per cent; red blood cells 5,720,000; 
white blood cells 14,900, with 70 per cent neutro- 
philes. A flat plate of the chest and abdomen re- 
vealed no pulmonary pathology; the stomach was 
distended by gas, and the small bowel contained a 
moderate amount of gas. Lipiodol injection into the 
esophagus (Fig. 2) revealed a complete atresia at 
the level of the fourth dorsal vertebra and moderate 
distention. Since the gastro-intestinal tract con- 
tained gas, a diagnosis of congenital atresia of the 
esophagus with tracheo-esophageal fistula was made. 

A jejunostomy was done on the third day. Air 
exuded from the intestine on incision and a No. 
18 French catheter was inserted into the jejunum. 
The patient did not respond satisfactorily; cyanosis 
persisted, the lungs repeatedly filled with bloody 
fluid, and respiration became rapidly worse. Death 
occurred three days after admission, sixteen hours 
after operation. 

Autopsy revealed a complete atresia 3 cm. below 
the glottis. The proximal end of the esophagus was 
slightly dilated. Immediately distal to the 
was a thin strand of tissue, approximately 4 mm. in 
diameter, that contained no lumen. This extended 
downward for about 2 cm. and was attached to the 
distal portion of the esophagus, which appeared 
normal. At this point, there was a fistulous open- 
ing of the esophagus into the trachea, approxi 
mately 2 cm. above the level of the bifurcation 

The stomach was expanded; the 
thin and smooth. The duodenum was discolored a 
deep purplish gray and distended with air, as was 
the jejunum in its proximal two-thirds, Distal to 
the jejunal incision was complete collapse of the 


atresia 


mucosa was 
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entire small and large bowel. There was evidence 
hemorrhage from a mesenteric vessel about the 
area of the jejunostomy. 

Case 2: M.C.C was born at the 
University Hospital, weighing 9 pounds, 11.5 ounces, 
He seemed narcotized for a short period after birth. 
but responded without stimulation. The infant 
had persistent mucus in the pharynx, requiring re. 
peated aspiration, and he regurgitated all feedings, 
with periodic attacks of cyanosis. A diagnosis was 
made of esophageal stricture or atresia, with the 
possibility of tracheo-esophageal fistula, and the 
latter was confirmed by x-ray studies. Physical 
examination revealed no pathological changes in 
the abdomen, chest, mouth, or throat. Tempera- 
ture, pulse, and respiration were normal. The red 
blood count was 6,380,000; white blood count 
11,900, with 61 per cent neutrophiles. 

The flat plate of the chest was essentially nega- 
tive. Lipiodol injection into the esophagus revealed 
an atresia at the level of the fifth dorsal vertebra 
and great 3 Stomach and in- 


a white boy, 


distention (Fig. 3). 
testines were moderately distended by gas, suggest- 
ing a broncho-esophageal fistula. 

On the fourth day a gastrostomy was performed 
under local anesthesia and a No. 18 catheter was 
placed in the stomach through a small opening. The 
patient did not do well after operation and passed 
bloody stools. A blood transfusion was given but 
death ensued fifty-two hours after operation. 

At autopsy the esophagus was found to terminate 
in a blind pouch approximately 5 cm. below the 
pharyngeal end of the esophagus. Immediately 
below this the esophagus communicated with the 
trachea by a tracheo-esophageal fistula. From the 
fistulous opening to the cardiac end of the stomach, 
the esophagus was patent. 

The stomach filled with dark, unclotted 
blood. The lungs revealed scattered irregular 
reddish gray areas. The parenchyma was crepitant 
and the cut surface retracted slightly. Bronchioles 
were patent and the mucosa slightly injected 
throughout. The arteries were patent. 

Case 3: M. A. H., a white girl, was born at St. 
Anthony's Hospital (spontaneous normal delivery). 
She weighed 5 pounds 4 ounces and appeared normal 
at birth. She seemed to nurse normally but vomited 
mucus and milk and became cyanotic after each 
feeding. diagnosis of thymic hypertrophy was 
made and roentgen therapy was instituted. Roent- 
gen examination showed obstruction of the _ 
gus at the level of the arch of the aorta (Fig. 4 

At the age of three days a gastrostomy was ~— 
without relief, A large amount of gas was expelled 
through the gastrostomy tube, but regurgitation of 
milk and cyanosis continued on each attempt at 
feeding by mouth. The baby died at the age of 
five days, apparently from pneumonia, forty-eight 
hours postoperatively. Postmortem examination 
showed a fistula between the esophagus and trachea 
just above the bifurcation of the trachea. 


was 
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Fig.4. Case3: Upper segment of the atresic esophagus filled with lipiodol 


(Contour 


of esophagus slightly retouched.) 


Fig. f. Case 4: Moderately dilated upper segment of atresic esophagus demonstrated 
by lipiodol Some lipiodol aspirated into right bronchus 


Case 4: E. F. N., a three-day-old white boy, was 
admitted to the University Hospital with a history 
if regurgitating everything taken by mouth since 
turth Delivery had been normal; the weight at 
brrth was 6.5 pounds. ‘The family history was un 
Mportant. Physical examination and laboratory 
lata revealed nothing unusual. 

Roentgen studies showed an atresia of the 


esophagus at about the level of the fourth dorsal 
vertebra (Fig. 5) Che stomach contained a moder- 
ate amount of gas, indicating a tracheo-esophageal 
fistula 

Gastrostomy was done and a No, 13 French 
catheter was passed into the stomach and threaded 
into the lower esophagus through its cardiac orifice. 
After passing the catheter upward about 5 cm., 2 
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c.c. of 5 per cent sodium hydroxide were injected 
into the esophagus to produce a lye burn stricture. 
The child died on the fifth postoperative day, and 
autopsy was not granted. 


SUMMARY 


Four cases of congenital atresia of the 
esophagus, all associated with tracheo- 
esophageal fistula, have been presented. 
The embryology, symptomatology, diag- 
nostic, and therapeutic procedures have 
been discussed. 


Osler Building 
Oklahoma City, Okla. 
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Roentgenologic Manifestations and 
Clinical Symptoms of Rib Abnormalities’ 
HOWARD A. STEINER, M.D. 


Denver, Colorado 


uring a period extending from January 
D 1930 to June 1942, the Department 
of Radiology at the University of Colorado 
Medical School and Hospitals made 38,105 
roentgenograms of those portions of the 
body which lend themselves specifically 
to a study of rib abnormalities. This in- 
cludes all roentgenograms of the spine, 
chest, and abdomen. Among the number 
there were found 59 rib abnormalities 

().15 per cent of the total). 

For purposes of simplification, theanoma- 
lies have been grouped into seven classi- 
fications: (1) cervical ribs; (2) lumbar 
ribs; (3) bipartition, or “‘forking’’ of the 
anterior end of a rib; (4) synostosis, or 
bony union of adjoining ribs; (5) “‘tile- 
roof’ ribs, or imbrication of ribs; (6) ru- 
dimentary ribs; (7) other deformities. 


CERVICAL RIBS 

Nineteen instances of cervical ribs, or 
32 per cent of the 59 cases, were seen. De- 
tails as to their number, length, occurrence 
unilaterally or bilaterally, and whether 
they were jointed or non-jointed, are given 
in Table I. In every instance the cervical 
ribs were contingent to the seventh cervical 
vertebra. Two observations of interest 
were made: (1) the average length of the 
right cervical ribs (44.4 mm.) was slightly 
greater than the average length of the left 
cervical ribs (37.5 mm.); (2) the incidence 
of jointed ribs was only slightly greater 
than that of non-jointed ribs, the ratio be- 
ing 17 to 14. The longest cervical ribs 
were of the jointed variety, the longest 
right rib measuring 85 mm. and the longest 
leit rib 70 mm. The shortest cervical ribs 
were non-jointed and measured 22 mm. for 


_'From the Department of Radiology, University of 
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TaBLe I: Cervicar Riss 


Average 
Length 
(mm.) 


Shortest 
(mm.) 


Longest 
(mm.) 


Side Number 


Bilateral 
Right : 85 42.5 
Left y 70 22 37. 
Unilateral 
Right : 60 5O 
Left 35 2: 30 
Jointed 
Right 85 2: 66 
Left s 70 25 46 
Non-jointed 
Right } 38 25 28 
Left 8 38 2% 29 
Total 
Right ) 85 2% 44 
Left 70 2° 37.! 


both the right and left sides. Figure 1 
shows an illustrative case. 

Association with symptoms has been 
grouped as a very positive correlation; a 
slightly positive correlation; and a nega- 
tive correlation. In 10, or 52.6 per cent, 
of the cervical rib cases there was a very 
positive correlation. In these cases the 
chief complaint was pain. In 6 this was 
localized to the back of the neck, and in 
the remaining 4 cases it radiated to the 
shoulder or supraclavicular region. There 
was no instance of neuromuscular disturb- 
ances of the hands or arms. In 3, or 15.9 
per cent, of the cases, the patient had com- 
plained of vague pain localized to the 
shoulder joint, suggestive of a_ bursitis. 
These 3 cases were regarded as showing 
only an indication of correlation. In the 
remaining 6, or 31.5 per cent of the cases, 
symptoms were not at all referable to the 
cervical ribs and the correlation was 
classed as negative. In 68.5 per cent of the 
cases of cervical ribs, therefore, there was 
an association of symptoms with the pres- 
ence of the anomaly. 

While age was of no significance, it is of 
interest that the range of the group was 
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Fig. 1. Bilateral cervical ribs 


from eighteen to fifty-six years. More 
than two-thirds of the patients were fe- 
males (Table III), there being 13 females 
and 6 males. Because of the small size of 
the series, however, no conclusions can be 
drawn from these figures. 


LUMBAR RIBS 


Seventeen (29.3 per cent) cases of lum- 
bar ribs were found. As shown in Table IT, 


TABLE II: Lumpar Riss 


Average 
Length 
(mm.) 


Shortest 
(mm.) 


Longest 
(mm.) 


Side Number 


Bilateral 

Right 10 39.0 

Left j 25 38.2 
Unilateral 

Right 65.0 
in all cases except one this anomaly was 
bilateral. In the one unilateral case the 
rib occurred on the right side and was ex- 
tremely long, measuring 65 mm. In every 
instance the lumbar ribs were contingent 
to the first lumbar vertebra. The longest 
lumbar rib measured 70 mm. and occurred 
on the left side, while the shortest rib 
measured 1() mm. and occurred on the 
right side. Figure 2 is an example of this 
group. 

Of the 17 cases of lumbar ribs, 12 (70.6 
per cent) were associated with clinical 
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Fig. 2. Bilateral lumbar ribs 


symptoms. Eight patients complained of 
severe pain in the back, 3 of soreness or 
backache, and one of a catching pain in his 
back. In one case there was only an indi- 
cation of correlation, a marked lordosis 
associated with some backache. In the 
remaining 4 cases (24.9 per cent) there 
was no correlation. 

The age range was from fifteen to fifty- 
nine years. As in the case of the cervical 
ribs, there was a predominance of females, 
12 females to 5 males (Table III). 


TABLE III: Sex DISTRIBUTION 


Male Female 
(31.6%) 
(29.3%) 
(80.0%) 

5 (100.0%) 

(75.0%) 

(80.0%) 

(75.0%) 

(50.9%) 2% 


Cervical ribs 
Lumbar ribs 
Bipartition 
Synostosis 
**Tile-roof”’ 3 
Rudimentary ribs 4 
Other deformed ribs 3 
Total 30 


25.0%) 
20.0%) 
25.0%) 
49.1%) 


BIPARTITION 


In 5 cases bipartition or bifurcation of 
In 2 patients 
the first right rib and in 2 others the fourth 


one or more ribs occurred. 


right rib was affected. Figure 3 shows one 
of the latter cases. In the fifth patient the 
seventh, ninth, and tenth left ribs were bi- 
furcated, the forks being from 20 to 50 
mm. in length. 

In one of these cases there was an apical 
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Fig. 3. Bipartition of ribs. 

tuberculous lung lesion. Schedtler in his 
article on rib abnormalities (1) states that 
narrowing of the apical portion of the tho- 
rax due to an abnormality of a first rib 
predisposes to tuberculosis. In this in- 
stance the lesion was in the lung apex be- 
hind the affected rib. This was regarded 
as positive correlation between rib abnor- 
In the re- 


mality and clinical findings. 

maining 4 cases there was no correlation 

with clinical symptoms or findings. 
Schedtler (1) observed that bipartition 


usually involves the right fourth rib, 
though he offers no explanation of this. 
In 2 of the 5 cases in the present study the 
right fourth rib was affected. 

The age group extended from five to 
fifty-three years. Oddly enough, 4 (or 
80 per cent) of the patients were males 
Table III), though the group is too small 
to permit conclusions. 

SYNOSTOSIS 

Synostosis, or bony union between ad- 
joining ribs, was seen 5 times. In 3 in- 
stances the synostosis occurred between the 
first and second left ribs anteriorly. The 
appearance in these 3 cases was uniform, 
the synostosis giving the appearance of an 
extremely broad first rib. One of these 
cases is shown in Figure 4. In the remain- 
ing 2 cases the synostosis was very slight, 
occurring between the third and fourth 
right ribs in one patient, and the fourth 


Fig. 4. Synostosis of ribs 
and fifth right ribs in the other patient. 
Simon, in discussing rib abnormalities (2), 
speaks of synostosis occurring posteriorly 
in the region of the neck of the rib. No 
case in our series was of this variety. 
Correlation with symptoms and clinical 
findings was positive in 2 patients, both of 
whom had tuberculous lung lesions in the 
apex directly behind the synostosis. In 
the remaining 3 cases no correlation was 
evident. The age limits in this group were 
nine and forty-four years. All 5 patients 
were males (Table ITI). 


‘“TTLE-ROOF’’ RIBS 


‘“Tile-roof’’ formation, or imbrication of 
ribs, is a rare condition. In this study 
there were only 4 cases, or approximately 
0.01 per cent of the entire group studied. 
Figure 5 is illustrative of this condition. 
In 3 of the 4 patients the anomaly was bi- 
lateral, giving a symmetrical appearance, 
while in the fourth the condition, while 
bilateral, was more marked on the left. 

In 3 of the group lung pathology, pneu- 
monia or tuberculosis, was the chief clinical 
factor. The fourth patient had symptoms 
referable to the chest (chronic cough, etc.), 
though no definite pulmonary lesion was 
present. The clinical symptoms and find- 
ings were compatible with this anomaly, in 
which the thoracic cage is partially col- 
lapsed. 

The age limits of this group were fifty- 
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Fig. 5. Imbrication (tile-roof formation) of ribs 


one and seventy-eight years. Three of the 
patients were males (Table III). 


RUDIMENTARY RIBS 


Only 5 examples of rudimentary ribs 


were found. A case was placed in this 
group if one or more ribs were definitely 
undersized as compared to the neighboring 
ribs. In every instance the first rib alone 
was involved. The condition was bilateral 
in 3 cases, while in the remaining 2 the af- 
fected rib was on the left. In each case the 
underdevelopment amounted to 20 to 30 
mm. 

There was no correlation with clinical 
symptoms in any of the rudimentary rib 
cases. The age limits were twenty-eight 
and fifty-nine years. There were 4 males 
and | female in this group (Table III). 


OTHERWISE DEFORMED RIBS 

Four examples of congenitally deformed 
ribs not falling into any preceding classi- 
fications were found and each case differed 
from the others. In two patients the right 
ribs (3rd, 4th, and 5th in one; 5th in the 
other) deviated internally. In one case the 
Sth left rib was widened, and in the re 
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maining case the 7th right rib was de- 
formed posteriorly. 

As in the preceding group, there was no 
correlation with clinical symptoms. The 
age limits were thirty and fifty-one years, 
There were 3 males and 1 female 
(Table ITI). 

SUMMARY 

Rib abnormalities were discovered in 
59 of a series of 38,105 roentgenograms, 
approximately 0.15 per cent. Cervical and 
lumbar ribs accounted for 36 cases, or over 
half the total. The remaining anomalies 
consisted of bipartition, synostosis, ‘“‘tile- 
roof’’ formation, rudimentary ribs, and 
otherwise unclassified deformities. 

In 22 cases pain was the chief complaint 
and its localization very definitely associ- 
ated it with the presence of a rib abnor- 
mality. In 7 cases the lung parenchyma 
was affected, 6 patients having tubercu- 
losis and 1 pneumonia. In each of the 
latter 7 cases the pathological condition 
was correlated with an affected first rib or 
a partially collapsed thoracic cage due to 
‘“tile-roof’’ formation of the ribs. In 33 of 
the cases there was an indication of corre- 
lation of symptoms with rib abnormalities, 
while in the remaining 26 cases there was 
no correlation. In 17 of these 26 cases the 
rib abnormality was of such a nature that 
no physiological or anatomical disturbance 
was to be expected. 

Age played no significant role, the pa- 
tients ranging from five to seventy-eight 
years. In the series as a whole, sex also 
appeared to be of little significance, 30) 
patients being males and 29 females. 
University of Colorado 
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Experimental Modification of 


Radiosensitivity of Embryonic Cells’ 
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radiosen- 
studied 
tissues 


XPERIMENTS IN which the 
Ki sitivity of cells has been 
indicate that different cells and 
respond to x-irradiation in various ways. 
Other experiments in which the radio- 
sensitivity of cells has been altered exper- 
imentally by changing their physiological 
activity show that the same modifying 
agent does not always change the sen- 
sitivity of different types of cells and 
tissues in the same way. Thus, some 
investigators (Holthusen, 17; Dognon, 8; 
Politzer, Packard, 25) have found 
that low temperature during irradiation 
increases resistance, while others (Mot- 
tram, 24; Crabtree and Cramer, 7; Petry, 
%; Ancel, 1; Ancel and Vintemberger, 
2; Henshaw and Francis, 15), using other 
types of cells, have shown that low 
temperature either increased or had no 
effect on radiosensitivity. 

Lambert and Firket (18-21) studied 
oxygen consumption, water uptake, and 
mitotic activity of pea seedlings at dif- 
ferent stages of development but were 
unable to correlate radiosensitivity with 
any of these factors. Henshaw and Fran- 
cis (15, 16) obtained similar results with 
wheat seedlings, and in further experi- 
ments found that, when the development 
of germinating seedlings was inhibited 
by dehydration or by anaerobiosis, the 
radiosensitivity, as measured by sub- 
sequent growth rate, was decreased. Thus 
it seems obvious that, while radiosen- 
sitivity may be modified experimentally, 
the results obtained with different cells 
and organisms vary even when the same 
experimental method is used. 


Zt; 


‘Aided by a grant from the Rockefeller Fund for 
Research on the Physiology of the Cell. 

A thesis submitted in partial fulfillment of the re- 
quirements for the degree Doctor of Philosgphy in 


Zoology, State University of Iowa, 1942. Accepted 


lor publication in October 1942. 


The present experiments were under- 
taken in an attempt to obtain information 
concerning the effect of low temperature 
and dehydration on the radiosensitivity 
of embryonic cells of the grasshopper and 
to determine whether or not these effects 
were constant at different stages in the 
development of the organism. 


MATERIAL AND METHODS 


The egg of the grasshopper, Melanoplus 
differentialis, was chosen as the experi- 
mental material, since the changes in its 
radiosensitivity at different developmental 
stages have been studied by Evans (-12) 
and because various aspects of its physio- 
logical activity have been examined by 
Bodine and others (3, 4, 5, 14, 30, 35, 36). 

Eggs of this species, when kept at a 
constant temperature of 25° C., develop 
for approximately twenty-one days (pre- 
diapause period), at the end of which time 
they enter a period of developmental 
block (diapause). If they are then placed 
at a low temperature (below 10° C.) for 
two to three months, upon return to con- 
stant high temperature (25° C.) they will 
undergo further development (post-dia- 
pause) and hatch on about the eighteenth 
day. The morphological changes taking 
place during development have been care- 
fully recorded by Slifer (31), and the de- 
velopmental stages studied in the present 
experiments are expressed as days at 
25° C., since Slifer has described the em- 
bryos in these terms. 

The effects of low temperature and 
dehydration on the morphological de- 
velopment and oxygen consumption of 
this material are rather well known. It 
has been shown by Bodine (3, 4) that if 
developing eggs are subjected to a low 
temperature (5-10° C.) their morpho- 
logical development will be stopped as 
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TABLE I: Loss in WATER CONTENT OF GRASSHOPPER 
Eccs DuRING DEHYDRATION 


Loss in Length of 
Loss in Water Drying 
Age Weight Content* Period 
(days) (per cent) (per cent) (hours) 


Pre-diapause 
9.10 
16.94 
10.72 
10.79 
: 13.79 
lk 8 17.34 


Post-diapause 
° 


2 6.95 14.0 
2 4.93 7.25 16.0 


* Calculated using Dr. E. Slifer’s (unpublished) data 
for the total water content of eggs of various ages. 


long as they are kept at that temperature. 
Goodrich and Bodine (14) have found that 
developing eggs consume oxygen at a very 
much slower rate at 15° C. than they do 
at 25° C., and it is safe to assume that at 
still lower temperatures the rate of oxygen 
consumption would be further reduced. 

According to the data of Thompson 
and Bodine (35), post-diapause eggs which 
were dehydrated to the same extent as 
the dehydrated eggs used in these ex- 
periments show a small decrease in oxygen 
consumption. Similarly, the data of Schip- 
per (30) indicate that oxygen consumption 
of pre-diapause eggs is slightly decreased 
and development is somewhat impeded by 
short periods of dehydration. In the 
present experiments, examination of eggs 
which had been dehydrated for from 
thirteen to eighteen hours showed that 
they had attained nearly the same stage 
of morphological development as had 
moist eggs of the same chronological age. 
Thus it seems apparent that temperatures 
below 10° C. stop development and 
markedly reduce oxygen consumption, 
and that short periods of dehydration 
impede both development and oxygen 
consumption to a smaller extent. 

Eggs of the desired age were washed 
free of débris and divided into two lots. 
In each experiment one lot was irradiated 
at a low temperature (1°-3° C.) and the 
other at a high temperature (25° C.). 
The temperature of the eggs during ir 
radiation was maintained at a constant 
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level by placing them in a shallow plastic 
dish held, by an aluminum support, at the 
surface of water at a desired temperature 
in a thermos jug. The mouth of the 
thermos jug was covered by cardboard. 
1 mm. in_ thickness, which provided 
adequate heat insulation and had only a 
slight filtering action on the radiation. 
Eggs treated in this manner attained the 
temperature of the water in the thermos 
jug within about fifteen minutes and were 
maintained at this temperature for at 
least thirty minutes before irradiation 
was started. The temperature of the eggs 
was measured several times during each 
experiment by means of a thermocouple 
placed beside them and was always found 
to be constant within 1° C. during the 
course of the irradiation. Unirradiated 
eggs which were used as controls for each 
irradiated lot were kept at the same 
temperature as the irradiated eggs. A 
series of doses of x-rays was given by 
removing samples of eggs from the plastic 
dish at appropriate intervals during the 
irradiation. After irradiation the eggs 
were placed on moist filter paper in caster 
dishes and put in a constant temperature 
chamber maintained at 25° C. 

In the experiments in which the effect 
of dehydration on radiosensitivity was to 
be studied, washed eggs of the desired 
age were divided into two groups. Group 
A was placed in a CaCl, desiccator at 
room temperature (about 23° C.) and 
allowed to dry for approximately thirteen 
hours. Group B was placed on moist 
filter paper and kept at 25° C. for the 
same period of time. About 200 eggs (tobe 
used as controls) were removed from 
Group A and accurately weighed before 
and after desiccation to determine the 
amount of water lost during the thirteen- 
hour period of drying. As shown in Table 
I, eggs dried for this length of time lost 
from about 11 to 14 per cent of their 
original water content. Both moist and 
dehydrated eggs were irradiated at 25° C. 
in the manner already described and were 
placed on moist filter paper immediately 
following irradiation. They were then put 
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Figs. land 2. Dose-survival curves for eggs irradiated 
at a temperature of 25° C. and kept at 
that temperature until they were examined. 

In all the experiments on pre-diapause 
eggs the eggs were allowed to develop 
until well into diapause. At this time the 
embryos were dissected out and examined 
under a wide-field dissecting microscope. 
Post-diapause eggs were put on moist sand 
in cotton-stoppered shell vials after ir- 
radiation and allowed to hatch there. 

For the irradiation a mechanically rec- 
tified x-ray machine was used which was 
operated at 130 kv.p. and 5 ma. The 
radiation was unfiltered except for 2 mm. 
of cardboard which was used to avoid heat- 
ing effects. The target distance was 26 
cm. and the intensity under these condi- 
tions was 182 r/minute, as measured in air 
by a Victoreen dosimeter. 

EXPERIMENTAL RESULTS 

Effect of Low Temperature (1°-3° C.) 
on Sensitivity: The effect of irradiating 
eggs while they were at 1° C. was studied 
on the subsequent development of eggs 
rayed on the first, second, third, fourth, 
fifth, eighth, fifteenth, and nineteenth 
day pre-diapause and on the hatching of 
eggs irradiated at twelve hours and two 
days post-diapause. Representative data 
are shown graphically in Figures 1 to 3. 
In all dose-survival curves each point 
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warm and cold on the first day and on the eighth day 


represents data from 200 to 500 eggs; 
about 40,000 eggs were examined in all. 
For the purposes of these experiments an 
embryo was considered to be normal if no 
gross morphological injury could be de- 
tected under the dissecting microscope. 

Eggs irradiated at 1°-3° C. on the first 
or second day of pre-diapause develop- 
ment show a greater radioresistance than 
those rayed at 25° C. (Fig. 1), but on the 
third day there is no apparent effect of 
the low temperature on subsequent de- 
velopment. On the fourth day, however, 
and in all other pre-diapause develop- 
mental stages studied, eggs irradiated at 
1°-3° C. are more susceptible to radiation 
injury than are those irradiated at 25° C., 
the greatest difference being apparent in 
eggs rayed on the eighth day (Fig. 2). The 
sensitivity of post-diapause eggs (Fig. 3), 
as measured by the per cent hatched, is 
strikingly increased when they are ir 
radiated at 1°-3° C. 

The form of the curves for one-day to 
eight-day pre-diapause eggs irradiated at 
25° C. and the dosages required for injury 
are quite comparable to the results ob 
tained by Evans (11), who studied the 
effects of x-rays on the subsequent de- 
velopment of one-day to twelve-day pre- 
diapause eggs. It has been shown by 
Evans (12) and Carothers (6) that when 
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eggs are irradiated early in development 
(one to two days), the yolk and serosa 
cells are less affected by irradiation than 
are cells of the embryo. It seemed desir- 
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data for from 200 to 500 eggs. A total of 
about 20,000 eggs was examined in these 
experiments. Three-day eggs are slightly 


more sensitive to radiation when rayed 
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Dose-survival curve for eggs irradiated warm and cold at twelve 


hours post-diapause 


able, therefore, to study on these cells the 
effect of low temperature during irradi- 
ation. Slifer (32) has found that the 
chitinous cuticle surrounding the grass- 
hopper egg is secreted by the serosa cells 
during the sixth to the fourteenth day. 
The presence or absence of a cuticle, there- 
fore, may be considered an index of the 
x-ray injury to serosa cells. Two-day pre- 
diapause eggs were given a series of doses 
of radiation at 25° C. in the manner 
previously described, and the eggs were 
examined on the fourteenth day for the 
presence of a cuticle. Serosa cells are 
found te be no more sensitive when ir- 
radiated at 1°-3° C. than when irradiated 
at 25° C. 

Effect of Dehydration on Sensitivity: 
The effect of irradiating eggs while they 
were dehydrated was studied on the sub- 
sequent development of eggs rayed on the 
first, third, fifth, eighth, and fifteenth day 
pre-diapause and on the hatching of eggs 
rayed on the second day post-diapause. 
Typical curves are shown in Figures 4 and 
5. Each point on the curves represents 


while dehydrated, but the sensitivity of 
five-day eggs is apparently not changed 
when they are dry during irradiation. 
Eight-day and fifteen-day (Fig. 4) pre- 
diapause eggs and two-day post-diapause 
eggs (Fig. 5) are less sensitive when 
x-rayed while dry. 

According to a theory which Failla (13) 
has proposed as to the mode of action of 
x-rays on mammalian tissue, the effect of 
the radiation is to produce “‘radio-ions’ 
in the cells and the fluid bathing them. 
In mammalian tissue, the fluid bathing 
the cells is constantly flowing past them 
and hence carries away the “‘radio-ions’ 
newly formed in the fluid by the ionizing 
radiation. Since the cell membrane may 
be impermeable to some or all of the 
“radio-ions,” the result is an increase in 
the osmotic pressure of the cell leading to 
the characteristic cell swelling which occurs 
in many irradiated mammalian tissues. 
This theory has been used by Failla to 
describe the method of x-ray injury only 
for mammalian cells which exhibit a char- 
acteristic swelling reaction following 1 
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radiation. Consequently the theory isnot to mammalian tissue would obtain and 
strictly applicable to the grasshopper egg, Failla’s theory could be tested on this 
since it is a closed system, except for a invertebrate material. This may be done 
slow passage of water into the egg, and_ by removing the chorion from the egg, thus 


100 
4- ORY 


o- MOIST 


1S DAYS 


fo) 
° 


PER CENT NORMAL 
a 
2] 


i 
° 





aie 4. 4 i 


200 300 400 500 600 700 
DOSE IN TF 





Dose-survival curve for eggs irradiated dry and moist on the fifteenth 
day. 
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Fig. 5. Dose-survival curve for eggs irradiated on the second day post- 
diapause. Effect of drying during irradiation (triangles) and both during 
and for twelve hours after irradiation (circles). 


since there is no evidence that the cells of permitting a very much more rapid pass 
the grasshopper embryo swell following ir- age of water into and out of the egg. In 
radiation (see Carothers, 6). If, however, some preliminary experiments on dechor 
the slow water exchange could be speeded ionated two-day post-diapause eggs it has 
up, then a condition somewhat analogous been possible to show that dehydrated 
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eggs which were kept dry for twelve hours 
after irradiation were considerably more 
resistant (as measured by subsequent 
hatching) than dehydrated eggs which 
were moistened immediately after irradia- 
tion. This is the result which the theory 
would predict, since keeping the eggs dry 
for a period after irradiation would allow 
time for the recombination of the ‘‘radio- 
ions’’ to occur inside the cell, thus reducing 
the increased intracellular osmotic pressure 
before a large flow of water past the cell 
resulted in osmotic swelling. If, however, 
the chorion is left on the egg and water 
exchange is slow, then the extra period 
of drying after irradiation should have 
little or no further effect on radiosensitiv- 
ity. These are the results which have 
been obtained (Fig. 5). 

The median-effect-dose (M.E.D.), or 
that dose which results in the injury of 
50 per cent of the embryos, has been calcu- 
lated from each curve. The ratio of the 


median-effect-dose for eggs of a given age 
rayed at 1°-3° C. to that for eggs rayed 


at 25° C. is an index of the difference in 
the effect of the low and high temperatures 
during irradiation. Similarly, the ratio 
of the median-effect-dose for dehydrated 
eggs to that for moist eggs has been calcu- 
lated. These data for the effect of low 
temperature or dehydration on eggs at all 
the stages of development examined are 
summarized in Figure 6. It is obvious that 
the effect of irradiation at 1°-3° C. is not 
constant during the course of development, 
but changes from increased protection for 
one-day and two-day eggs to decreased 
protection during all the rest of the pre- 
diapause period and for the part of the 
post-diapause period studied. The effect 
of dehydration, also, is not constant, the 
change occurring at about the same time 
but in the opposite direction. The data 
for eggs dehydrated for either six or 
thirteen hours on the first day show that 
they are apparently not different in their 
reaction from eggs of the same age rayed 
in the moist condition. These curves, 
however, are based on a relatively small 
number of eggs (50 to 100 eggs per dose). 
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DISCUSSION 

Attempts to correlate changes in the 
effects of low temperature and dehydra- 
tion on radiosensitivity with cytological 
changes in the developing grasshopper egg 
have not been highly successful. Cyto- 
logical events occurring during the early 
development (at 25° C.) of the grasshopper 
egg have been studied by Slifer and King 
(34). The effect of the low temperature 
is to decrease the sensitivity during the 
time when undifferentiated segmentation 
nuclei are present (first and second days) 
and to increase the sensitivity at about 
the time of the formation of the germ band 
(third or fourth day). The change in 
sensitivity with dehydration appears to 
take place not more than two days later 
(Fig. 6), coincident with the appearance 
of a definitely formed embryo in which the 
germinal layers are present. 

The physiological changes in the de- 
veloping egg are very little more helpful 
in obtaining an explanation for the ob- 
served results. Slifer (33) has shown that 
the water content of pre-diapause eggs 
does not change during the first week of 
development and that it increases slowly 
after the seventh day. Since, during the 
first eight days, marked changes occur 
both in the normal sensitivity (Evans, 10, 
11) and in the effect of dehydration and 
low temperature on sensitivity, it seems 
unlikely that the normal, slow change in 
water content could offer any explanation 
for the sensitivity changes. 

Oxygen consumption of the grasshopper 
egg has been measured by Bodine (4) and 
by Boell (5), who have shown that the 
oxygen uptake increases steadily until 
about the twentieth day pre-diapause, 
when it abruptly declines with the onset 
of diapause. It would seem that here 
again one can find no explanation for the 
changing effect of low temperature and 
dehydration. 

Boell (5) has also measured the res- 
piratory quotient (R.Q.) of the grass- 
hopper egg in all stages of development. 
He finds that the R.Q. steadily declines 
from a high value of 0.95 on the first day 
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toa low value of about 0.60 from the sixth 
to the ninth day. It then rises to a value 
of about 0.70 on the fifteenth day and is 
maintained at that level throughout the 
remainder of pre-diapause, all of diapause, 
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oxidation (on the first day) the R.Q. is 
modified by special synthetic processes 
until about the fifteenth day, when it 
(0.70) indicates that fat is being oxidized 
predominantly. This point of view is 
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Fig. 6. Summary of results 


Ordinate: Ratio of M.E.D. dry to M.E.D. 


moist (triangles, curve A), and ratio of M.E.D. cold to M.E.D. warm (circles, 


curve B). Abscissa: 
cates diapause period 


ordinate indicate increased resistance cold or dry 
cate decreased resistance cold or dry 


Days of development. 
All values above the line drawn through 1.0 on the 


Broken line on abscissa indi- 


Values below the line indi- 
Two points on curve A for 2 days 


post-diapause, and on curve B for 3, 5, and 8 days pre-diapause are values 


for duplicate experiments. 


and the first two days of post-diapause. 
These changes in the R.Q. during pre- 
diapause parallel very closely the changes 
in radiosensitivity with low temperature 


during that period (Fig. 6). Boell has 
mterpreted the R.Q. curve to mean that 
lollowing a short period of carbohydrate 


strengthened by the work of Thompson 
and Bodine (36), who found that the de- 
cline in the amount of pyrophosphate in 
the grasshopper egg was approximately 
coincident with the change in the R.Q. 
Lohmann (22) has considered that pyro- 
phosphate indicates the amount of adenyl 
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pyrophosphate, a co-enzyme 
in carbohydrate metabolism. 


lelism between the change in R.Q. and the 
change in effect of low temperature on 
sensitivity suggests that these factors may 


be closely related. It may be that when 
carbohydrate is being oxidized (on the 
first day) the effect of the low temperature 
during irradiation is to inhibit the func- 
tioning of some mechanism associated 
with carbohydrate oxidation which tends 
to intensify the effects of radiation on the 
cells, and that as fat-oxidizing mechanisms 
begin to function, the effect of low tempera- 
ture is to inhibit the functioning of some 
mechanism associated with fat oxidation 
which tends to protect the cells from the 
effects of radiation. It may well 
however, that the parallelism between the 
R.Q. curve and the curve expressing the 
change in effect of low temperature on 
sensitivity is entirely fortuitous, and a 
relationship such as that suggested above 
must be considered as speculative until 
further evidence is at hand. 

So far as is known, the only common 
effects of low temperature and dehydration 
on the grasshopper egg are inhibition of 
development and reduction in rate of 
oxygen consumption. As pointed out in 
an earlier section, low temperature effects 
a complete stoppage of development and 
a marked decrease in rate of oxygen up- 
take, while dehydration, at least to the 
extent used in these experiments, results 
in a smaller decrease in both develop- 
mental rate and oxygen uptake. From 
the results obtained it is obvious that the 
effects noted are not due simply to in- 
hibition of development but arise as a 
result of a more specific action of low 
temperature or dehydration on the cells. 
From the different effects of these two 
agents it seems apparent that they do not 
act in the same way. As suggested above, 
it is quite possible that low temperature 
modifies the oxidative mechanisms or some 
process or processes associated with them, 
while the effects of dehydration may be 
due to changes in the osmotic relations of 
the cells to the fluids bathing them. 
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An interesting suggestion regarding the 
possible effect of low temperature in modi 
fying radiosensitivity is provided by ge. 
netic studies. Mickey (25) has shown that 
when Drosophila males were rayed at aq 
temperature (4° C.) a significantly 
greater number of translocations were 
observed than when the flies were irradi. 
ated at a high temperature (28 to 33° C). 
Similarly, Sax and Enzmann (29) and 
Sax (28) found a larger number of chromo 
breaks Tradescantia micro 
spores were irradiated at a low tempera 
ture (5° C.). The explanation suggested 
by Sax (28) for these results is that at high 
temperatures of broken chromo- 
accelerated and many of the 
broken ends are reunited in the original 
position, while at low temperatures fusion 
is delayed and broken ends may fuse in 
abnormal ways to produce chromosome 
aberrations. If this explanation for the 
effect of low temperature is to be applied 
to the cells of the grasshopper egg, it is 
necessary to assume that the physical 
state of the chromosomes which permits 
such fusions is different in young (one and 
two days) and in older eggs. A further 
test of this explanation as it may be ap- 
plied to the grasshopper egg awaits ad- 
ditional information concerning chromo- 
some structure of these cells at various 
stages in development. 

The particular value of the present ex- 
periments is to show that radiosensitivity 
of the cells may be modified in opposite 
directions by the same modifying agent at 
different stages in their development. 
This unique situation presents a basis for 
further experiments which should result 
in a more intimate understanding of the 
processes involved in cell radiosensitivity. 
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SUMMARY 

1. The sensitivity of cells of the grass- 
hopper egg to x-rays at various develop- 
mental stages has been modified by low 
temperature and by dehydration during 
irradiation. 

2. The effect of low temperature is to 
decrease sensitivity before the third day 
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of pre-diapause development and to in- 
crease sensitivity during the remainder of 
pre-diapause and the first two days of 


post-diapause. 

3. Dehydration causes an increase in 
sensitivity before the fifth day of pre- 
and a decrease in 
remainder of pre- 
second day post 


diapause development 
sensitivity during the 
diapause and on the 
dianause. 

4 Possible mechanisms through which 
these effects may be produced are dis 
cussed. 
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S. S. (Case H0251), a 43-year-old 
Jewish woman, was first admitted to the 
University Hospital in August 1941, com- 
plaining of pain in the right cheek and 
swelling of the right submaxillary and 
cervical lymph nodes of eight months’ 
duration. During this illness anorexia 
and vomiting developed and the patient 
had lost 30 pounds of weight. For three 
months there had been a painless lump in 
the right breast, and for several weeks 
before admission she had experienced pain 
in the left shoulder and upper abdomen. 

The initial physical examination showed 
a pale, chronically ill female with mild 
exophthalmos. Careful oral study re- 


vealed the presence of soft masses in the 
right cheek and a possible bulging of the 
right alveolar ridge. 


The right breast 
contained a hard, irregular mass, measur- 
ing 5 X 7 cm., not definitely attached to 
skin or muscle, but adherent to the areola 
(Fig. 1A). There was a mass in the right 
axilla the size of a walnut. The left 
breast contained a smaller mass in the 
upper outer quadrant (Fig. 1B). There 
was one enlarged node in the right in- 
guinal region. The liver and spleen were 
both slightly enlarged. Large masses were 
present in the lower abdomen, thought to 
be attached to the uterus. 

Results of all laboratory studies, in- 
cluding the blood count, were normal. 

Roentgenograms of the sinuses showed 
chronic disease of both antra with polypoid 
changes on the right side. Roentgeno- 
grams of the mandible and chest were non- 
contributory. 

A biopsy of the mass in the right breast 
and the right inguinal node was obtained. 

The patient was discharged to the out- 
patient department after four weeks, hav- 


* This report was prepared by Robert Phelps Barden, 
M.D 


ing shown slight improvement during 
hospitalization. 

In November 1941, three months after 
her first admission, the patient was re. 
admitted to the hospital with the added 
complaints of rapid increase in the size 
of the abdomen, dyspnea, and cough. 
Her menstrual periods, which had been 
scanty for a year, had ceased altogether 
for the past two months. 

At this time, physical examination 
showed emaciation, two masses in the 
right breast and five smaller ones in the 
left, and an abdominal mass which had 
increased greatly in size since the previous 
admission. Pelvic examination showed 
an enlarged irregular uterus and at least 
one large mass distinct from the uterus, 
which was thought to be an ovarian tumor. 

Because of extreme discomfort, opera- 
tion was advised and a bilateral salpingo- 
oophorectomy was performed in December 
1941. This was followed by recurring 
ascites and diminishing serum protein. 
The patient failed rapidly and died in 
January 1942, twelve months after her 
first symptoms and five months after her 
first hospitalization. 

Dr. Lockwood: ‘This is a very unusual 
case. The patient presented evidence of a 
chronic wasting disease with a mass in 
each breast, enlarged nodes in the right 
axilla, and an abdominal mass or masses, 
which increased rapidly in size a month 
before death. Superficially, this looks like 
carcinoma of the breast with widespread 
metastases with possibly a coincidental 
uterine or adnexal tumor. Before con- 
tinuing the discussion, however, I would 
like to read into the record the note made 
by Doctor Eliason at his first examination 
before the biopsy. ‘“This woman has 4 
large, plate-like mass in her right breast 
which feels like the masses one feels in 
chronic cystic mastitis with large areas of 
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Fig. 1A 


Roentgenogram of the right breast made with the patient standing in the right anterior oblique position 


Note the dense mass which is infiltrating practically the entire breast and pectoral muscles 


Fig. 1B 


Roentgenogram of the left breast made with the patient standing in the left anterior oblique position 


Note the two circumscribed masses in the upper portion which are apparently encapsulated 


cystic degeneration. The multiple nodules 
inthe left breast might also fit this picture. 
I cannot quite decide about the mass in 
the right axilla. I do not think it feels 
like a metastatic node from primary 
carcinoma of the breast. It may be an 
expression of widespread lymph node 
disease. From this examination, my only 
suggestion would be that the patient has 
bilateral cystic mastitis with the possibility 
of some superimposed neoplasm on the 
nght side.”’ 

There are several important findings 
that should not be overlooked: first, the 
report of the dental surgeon of the masses 
in the right cheek; second, the history of 
nodes being enlarged in the right side of 
the neck, with the finding on admission 
of a solitary node in the right groin dnd a 
palpable spleen. The third and most im- 


portant single point is the question as to 
the relation of the lumps in the breast to 


the abdominal mass. In view of its rapid 
increase in size, and the ascites, I take it 
this abdominal mass was not a fibroid, as 
reported in the first gynecologic con- 
sultation. 

Because of the diffuse nature of the dis- 
ease, its spotty manifestation in widely 
separated lymph nodes, and the peculiar 
soft-tissue masses in cheek and breasts, I 
believe we are dealing with some type of 
lymphoblastoma, Hodgkin's, sarcoma, or 
leukemia. 

Dr. Forrester: This patient 
roentgen therapy over a period of several 
months. Will Doctor Hodes please discuss 
that aspect? 

Dr. Hodes: Roentgen therapy 
given intermittently from Oct. 2 to Dec. 


received 


was 
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27. We were influenced by the biopsy 
report, and treatment consisted of small 
doses of radiation to the right cheek and 
each breast and axilla. At first, inter- 
mediate voltage was used, but after it 
became apparent that the tumors were not 
particularly radiosensitive, high voltage 
and larger doses were employed. The 
total amount to each area was small, how- 
ever, the maximum being 650 r total to 
the right cheek. Looking back now on the 
patient’s course, I think we wasted valu- 
able time, because we were afraid that this 
was a radiosensitive tumor and that large 
doses would kill the patient. As a matter 
of fact, more vigorous treatment might 
have materially prolonged her life. 

Ir. Forrester: Are there any questions, 
before we discuss the pathology? 

Dr. Miller: Why was the gynecological 
operation postponed so long? 

Dr. Lockwood: Inasmuch as the biopsy 
indicated widely disseminated disease, it 
was deemed inadvisable to remove the 


abdominal mass while it was relatively 


asymptomatic. When it did begin to en- 
large and ascites developed, it was too 
late. 

Dr. Forrester: The sections from the 
first biopsy of the inguinal node were not 
easy to interpret. The predominant cell 
was an irregular vesicular one and mitotic 
figures were frequent. Eosinophiles were 
present in moderate numbers, with a fair 
amount of granulomatous elements. The 
capsule of the node was not invaded, and 
the picture was definitely not carcinoma. 
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The most likely possibilities were leukemia 
and Hodgkin's disease. 

The sternal puncture done a few days 
later showed nothing abnormal. , 

Subsequent sections were obtained by 
biopsy of the right breast and right axillary 
mass and these showed similar changes, 
which Doctor Fox and Doctor Bothe 
agreed were a cellular type of Hodgkin's 
disease. I might say here that it was the 
cellular character of the tumor and the 
numerous mitotic figures which suggested 
that it would be quite radiosensitive. 

One month before death a bilateral 
oophorectomy was performed because of 
very large ovarian tumors. The sections 
were reported by Doctor Dunne, who felt 
that they were similar to the ones I have 
shown you today. He thought the growth 
was a malignant lymphoma of some type, 
although this type of tumor is very unusual 
in the ovary. 

At autopsy practically every organ in 
the body was found to be invaded by 
tumor and all the lymph nodes were 
greatly enlarged. The histologic char- 
acteristics of many sections suggested 
lymphosarcoma rather than the ordinary 
type of Hodgkin’s disease. 

Clinical Diagnosis: Carcinoma of the 
breast. Uterine fibroid. 

Doctor Lockwood’s Diagnosis: 
phoblastoma. 

Diagnosis from _ Biopsy: 
Hodgkin's disease. 

Final Pathological Diagnosis: Lympho- 
sarcoma. 


Lym- 


Probable 





Employer Is Liable in Common Law for Physician's 
Fees for Services Rendered Injured Employee’ 


I. S. TROSTLER, M.D., F.A.C.R., F.A.C.P. 
Chicago, Ill. 


yer QUESTION whether industrial com- 
missions may legally fix the amount 
of medical fees for services rendered an 
injured person whose claims come before 
them for arbitration or adjustment is of 
considerable interest. 

Industrial commissions in several states 
have at various times taken it upon them- 
selves to determine or fix the amount of 
medical and surgical fees for injured em- 
ployees whose cases had come before them 
for adjustment. In every instance, how- 
ever, where the physician or surgeon has 
appealed from the decision of the commis- 
sion, the courts have decided in his favor. 
Occasionally the decisions of the lower or 
trial courts have been against the physi- 
cian, but in every such instance, the appel- 


late and supreme courts have reversed 
these decisions and have held for him. 


There is no question that under certain 
conditions, industrial commissions may fix 
the amount that employers shall pay to an 
injured employee for medical, surgical, or 
hospital services, when or if the employer 
fails to provide such services and the em- 
ployee secures his own physician or sur- 
geon; but in no instance and under no 
circumstances does the physician surrender 
his right to collect what he deems just and 
adequate payment for his services. Our 
contention has been, and the supreme 
courts of several states seem to hold with 
us, that physicians are not bound by and 
have nothing to do with the operation of 
the workmen’s compensation laws. Their 
province is to attend the injured and their 
only connection with such laws lies in the 
fact that employers are required to furnish 
medical services to injured employees or 
pay for same if they (the employers) for 
any reason fail to furnish them. The fact 


* Accepted for publication in December 1942. 


191 


that some employers either neglect or 
prefer not to furnish these services to their 
injured employees, but leave or permit the 
employees to select their own physicians, 
does not, cannot, and of right should not 
give anyone the right or the authority to 
fix the amount to be paid for the medical 
or surgical services rendered any more 
than it should empower or authorize the 
same body, group, or individual to deter- 
mine what radio station the doctor may 
tune in on or the color of the neckties 
he should wear. 

It is true, as has been stated, that the 
workmen's compensation laws in some 
states provide that the industrial commis- 
sions may fix the amount of medical and 
surgical fees that the employers shall pay 
to their employees. These laws make the 
employers and their employees parties to 
a contract, but the physician is not a party 
to such contract unless he specifically agrees 
to enter into that contract. These laws are 
for the protection of the employee who may 
be injured while at work and are not for the 
physician in any way or manner. 

In the language of a learned judge:* 
“The meaning and intent of the work- 
men’s compensation laws in every state 
are mainly and primarily intended for the 
protection of injured employees and the 
provisions regarding their receiving medical 
attention do not, cannot and are not in- 
tended to include the medical profession as 
such, in any sense.”’ 

The Illinois Appellate and Supreme 
Courts have decided, in several instances 
where cases were appealed from lower 
courts, that the industrial commission has 
no authority or right, as between the phy- 
sician and his patient, to determine the 
amount of the fee to be charged or col- 


2 Noer vs. G. W. Jones Lumber Co. (Wis.) 175 
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lected for any medical service. Similar 
decisions have been rendered by courts of 
last resort in Indiana, Georgia, Maine, 
Minnesota, New Jersey, New York, Okla- 
homa, Wisconsin, and other states. 

In a recent decision from the Supreme 
Court of Indiana,* the following appears: 
“The appellant contends that the Work- 
men’s Compensation Act, fairly inter- 
preted, does not prevent his maintaining an 
action at law for medical services rendered 
by him under a contract with the employer; 
and that as to medical services rendered 
after the period during which the employer 
is compelled to furnish medical services, 
the Industrial Board does not have the 
‘power or authority to require such phy- 
sician to submit such claims to the Indus- 
trial Board.’ ”’ 

Farther along in this rather voluminous 
decision we read: ‘‘We can see no valid 
reason for saying that if the physician may 
maintain an action for such services in a 
court an employer would thereby be dis- 


couraged from assuming the obligation of 
employing a physician beyond the period 


required by the statute.... It was just 
as logical to assume that the legislature in- 
tended by paragraph 65 of the 1915 Act 
(and included in later acts I.S.T.) to make 
the fees of attorneys hired by the employer 
to represent it before the Industrial Board 
subject to the approval of the Industrial 
Board as to make the fees of physicians 
hired by the employer subject to the ap- 
proval of the Industrial Board.” 

Concluding the Indiana decision, the 
Supreme Court said: ‘‘We hold that the 
Indiana Workmen’s Compensation Act of 
1929 did not deprive a physician of the 
right to recover in an action at law against 
an employer for services rendered to an 
employee, under a contract with the em 
ployer.” 

From the foregoing decision, and from 
decisions from nine other states, the writer 
believes that we can prove: 


* Hoffman vs. Brooks Constr. Co, 41 N.E.R. (2nd) 
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That, if employers authorize or give 
consent for physicians to attend 
injured employees, they, the em- 
ployers, are liable for the phys- 
cians’ fees. 

That, if employers do not authorize 
or give consent for physicians to 
attend injured employees, the 
physicians’ fees for services to 
these employees may be allowed 
by the industrial commissions: 
but that physicians who render 
their services to the injured em- 
ployees are not in any way bound 
or obligated to accept the allow- 
ance or the amount of same made 
by the industrial commission un- 
less they so desire, and that, not 
desiring to accept such fee, they 
may hold the employer or em- 
ployee for the rightful amount of 
their fee and have the right to 
maintain action at common law. 

That the fixing by industrial com- 
missions of the amount to be paid 
by the employer to the employee 
for medical services does not and 
cannot fix the amount of the phy- 
sician’s fees and that this, as well 
as the foregoing statements, is up- 
held by all interpretations or con- 
structions of the laws in every 
state in which this question has 
been decided by courts of last re- 
sort. 

In conclusion, we are prepared to prove 
that the courts of last jurisdiction in ten 
states (and these are certain to be followed 
by others) have decided that we as physi- 
cians are not bound by the workmen's 
compensation laws as regards our fees and 
that nothing in these laws abrogates or 
abridges our right to recover for the amount 
of our fees by common law action. 

A fund of information and references on 
this important matter is to be found in the 
Hoffman vs. Brooks Construction Co. de- 
cision.* 


25 E. Washington St., Chicago, III. 





CASE REPORTS 


Unusual Case of Carcinoma of Both 
Lungs Associated With Lipoid 
Pneumonia! 


ERNEST H. WOOD, Jr., M.D. 
New York, N. Y. 


A 52-vear-old, single French-Canadian housemaid 
was admitted to the Presbyterian Hospital, New 
York (No. 640620) in April 1941. Her symptoms 
began ten months before admission with an acute 
upper respiratory infection which subsided in one 
Following this she had a lingering cough 
The cough was 


week. 
which persisted until admission. 


Fig. 1. Bilateral pulmonary carcinoma associated 
with lipoid pneumonia. The lung shadows are sym- 
metrical and fairly homogeneous in the lower portions 
of the lung fields and along the lateral chest walls. In 
the apices and peri-hilar regions the shadowsare mottled, 
and air-containing lung can be seen 


productive of only a small amount of whitish milky 
sputum at this time. Six months before admission 
the cough became productive of about two cupfuls 
daily of thin, watery, odorless sputum without blood. 
Three months before admission the patient began to 
experience dyspnea on exertion. Throughout the ten 
months of her present illness she lost 25 pounds and 
experienced several, irregularly spaced, short febrile 
attacks. 

Ten years before admission the patient had had 
imusitis, which was later recurrent and chronic 


‘From the Department of Radiology of the Presby 
tenan Hospital and the College of Physicians and Sur 
geons of Columbia University, New York. Accepted 
‘or publication in October 1942 


Fig. 2. Bilateral pulmonary carcinoma associated 
with lipoid pneumonia. The air-filled tree of the 
trachea, main bronchi, and larger branches is well visu 
alized on the planigraphic section. There is no evi 
dence of a lesion involving the larger bronchi 


At the time of her first episode of sinusitis she used 
four bottles of oily nose drops in one week. She con 
tinued to use this material intermittently but never 
again in such large quantities. She habitually used 
mineral oil for constipation for at least fifteen vears 
before her present illness. 

On admission her temperature was 100° F. and it 
was not strikingly elevated at any time. Her res 
pirations were of increased frequency, and physical 
examination showed her to be extremely dyspneic 
and cyanotic even at rest, but she was able to lie flat 
in bed. Physical signs suggestive of incomplete con 
solidation were found over the lower two-thirds of 
both lungs. There was clubbed 
fingers, increased venous pressure, or peripheral 


no evidence of 


edema. 

The patient continued to produce from one to two 
pints daily of thin, odorless, whitish, milky, foamy 
sputum without blood. Many fat droplets and 
numerous fatty acid crystals were identified in the 
sputum. No tubercle bacilli or fungi were found on 
repeated examinations. 

During her hospital stay the patient 
There was complete failure of re 
sponse to Near the 
markedly cyanotic and dyspneic in spite of breathing 
She died on the seven 


became 
steadily worse 
sulfadiazine. end she was 
pure oxygen continuously. 
teenth hospita! day. 
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Films of the chest on admission showed a fairly 
dense, homogeneous shadow in the lower two 
thirds of both lung fields, more extensive at the 
bases and along the lateral chest wall. The shadows 
became less dense and more mottled toward the 
apices. Air-containing lung could be seen only in 
the apices and peri-hilar regions. The lesions ap 
peared quite symmetrical in the two lungs. Plani 
graphic sections showed well the air-filled tree of the 
trachea, stem bronchi, and larger branches. The 
contour was regular and there was no evidence of a 
lesion in the bronchial tree or of pressure or con- 
striction from the outside. Another roentgen ex 
amination shortly before death showed no change in 
the lung shadows. 
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alveolar septa was prominent. Another prominent 
feature of the picture was the presence of an exten. 
sive lipoid pneumonia in most of the sections, No 
evidence of distant metastases was found. Al] of 
the tracheobronchial and mediastinal nodes ex. 
amined were negative for tumor. 

Anatomical Diagnoses: Lipoid pneumonia: car. 
cinoma of lungs; abscess of lung; fibrinopurulent 
pleurisy, bilateral; pyelitis cystica; myoma of 
uterus. 


COMMENT 


The long history of the use of mineral 
oil as nose drops and the presence of lipoid 


\ af we, 












Rar 





Fig. 3. Alveolar carcinoma of lung and lipoid pneumonia. Tumor 
cells line alveolar walls. In the darker areas the normal simple squamous 
alveolar lining has been replaced by pseudo-stratified cuboidal and columnar 
epithelium. Alveoli contain fat-laden phagocytes 


At postmortem examination (P. H. Autopsy No. 
13630) the lower lobes of both lungs were found to be 
almost completely consolidated by confluent, lobu 
lar, pinkish-tan tumor nodules which were proved 
histologically to be alveolar-cell carcinoma. The 
right middle lobe and lower portions of the upper 
lobes were likewise involved. Near the apices, how 
ever, the nodules of tumor tissue were isolated and 
found to be scattered in normally appearing lung tis 
sue. The tracheobronchial tree was uninvolved by 
disease and the tracheobronchial lymph nodes and 
mediastinal nodes were normal. 

Microscopic examination showed the alveoli to be 
lined by rings of simple columnar or pseudo-stratified 
columnar tumor epithelium. As a result of the epi 
thelial proliferation there were papillomatous pro 
jections into the alveoli. Few mitoses were seen. 
Local invasion was present and destruction of the 


pneumonia at autopsy are of interest. 
Some correlation can be established be- 
tween lipoid pneumonia and carcinoma 
arising from the epithelial cells lining the 
alveoli of the lung. Twort and Lyth (6) 
have found that several fractions of natu- 
ral mineral oil readily produce primary 
lung tumors in mice. Shimkin (3, 4) has 
produced pulmonary cancers in mice re- 
sembling that found in this case by the 
intratracheal injection of hydrocarbons. 
These tumors were always nodular and 
arose from the alveolar epithelium, with 
the formation of papillary outgrowths into 
the alveoli. No tumors arising in bronchi 
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were produced. The nodular tumors were 
always multiple, lay in the periphery of the 
jung, and did not metastasize. 

A somewhat similar naturally occurring 
disease in animals is known. Sheep, for 
example, are affected by a fatal pulmo- 
nary adenomatosis which has been given the 
name Jagsiekte. Bonne (1) has described 
this disease as a condition in which the 
total aspect of the lung resembles that of a 
tumor, either an adenoma or an adeno- 
carcinoma arising from the cells lining the 
alveolar sacs. Mitoses were few and me- 
tastases were never found in the nodes at 
the hilum. A somewhat similar disease, 
described by Theiler (5), occurs in horses 
and has been shown to be due to the eating 
ofan oily plant. It may be that the sheep 
sion is similarly caused and this is sug- 
gested by the constant finding of large col- 
lections of fat-containing mononuclear cells 
in the alveoli in Jagsiekte, which have been 
described by Cowdry and Marsh (2). 

On microscopic examination of human 
material from cases of lipoid pneumonia 
there are observed metaplasia of the squa- 
mous alveolar lining epithelium and thick- 
ening of the alveolar septa. Resultant or 
concomitantly occurring carcinomatous 
changes in the lung in man, however, must 
be rare. 


SUMMARY 


A case of bilateral alveolar carcinoma of 
the lung associated with lipoid pneumonia 
due to the inhalation of mineral oil is re- 
ported. The findings are analogous to cer- 
lain experimental and naturally occurring 
lung tumors in animals. 


m West 168th Street 
New York, N. Y. 
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Case of Solitary Myeloma of the Skull! 


JOSEPH J. ESPOSITO, M.D. 
New York, N. Y. 


Solitary myelomas of the bone are un- 
common (Cutler, 1; Pasternack and 
Waugh, 2; Paul and Pohle, 3). Paul 
and Pohle in 1940 reviewed 45 cases (40 
from the literature and 5 of their own). 
Willis (4), in 1941, added another case. 
The most common location of the disease 
was the pelvis, a vertebra, or a long bone. 
The skull was the site of involvement in 
only 5 of the 46 cases reported in the 
literature; 3 were in the cranial vault 
and 2 in the maxilla. 

Mathias (5) reported the case of a 65- 
year-old man with a solitary myeloma of 
the right parietal bone. His patient, like 
ours, showed no Bence-Jones proteinuria. 
The tumor was excised and no recurrence 
or secondary ‘‘multiple’’ myelomatous le- 
sions were observed after a period of 
eighteen months. Peyton (6) reported 
a solitary myeloma of the left parietal bone 
in a 38-year-old woman who complained 
of a painless swelling. Bence-Jones pro- 
teinuria was noted four months later, and 
six months after the appearance of the 
primary tumor roentgenographic evidence 
of multiple myeloma was found. Cappell 
and Mathers (7) presented a case of soli- 
tary myeloma of the petrous portion of 
the temporal bone which extended into 
the sphenoid. Paul raised the question, 
however, as to whether the tumor arose 
in the bone or in the otic or mastoid 
mucosa. Gross and Vaughan (8) and 


' From the Department of Radiology of the College 
of Physicians and Surgeons, Columbia University, and 
the Presbyterian Hospital, New York, N.Y. Accepted 
for publication in October 1942. 
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Postero 


Solitary myeloma of the skull. 
anterior roentgenogram of skull showing a large area of 
diminished density in the left frontal bone 


Fig. 1. 


Stewart and Taylor (9) each reported a 
case of solitary myeloma in the maxilla, 
but the possibility of origin in the mucous 
membrane rather than in bone cannot be 
ruled out. The literature, therefore, con- 
tains only 2 cases in which it is certain that 
a solitary myeloma arose within the bone 
of the skull. 


CASE REPORT 


A 69-year-old white man was admitted to the 
hospital May 3, 1942, because of a swelling on the 
left forehead. It was painless and not tender and 
had been called to his attention by a friend two 
weeks previously. The patient recalled no injury 
to this area. He was thrown from a horse and 
fractured his left humerus five and a half years 
previously, but it is certain there was no head injury. 
This fracture healed uneventfully. 

One week before admission, the patient consulted 
a physician. Roentgen examination at that time 
showed a large defect in the left frontal bone in- 
volving both inner and outer tables. No definite 
diagnosis was made. The patient stated he had 
felt better the past year than ever before. His 
appetite was excellent and he had gained about 10 
pounds in the previous year. He never had head 
aches, but he had noticed a gradual failure of vision of 
the left eye for a period of two or three years. Two 
years previously he was examined by an ophthal- 
mologist, who found mild night blindness and an 
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incipient cataract of the left eye. 
urinary symptoms whatever. Two years previous 
to admission there had been an episode of ankle 
edema. Complete physical examination at that 
time was negative. The edema disappeared and 
did not recur. Three years before admission, the 
patient had a sudden pain in the back, which lasted 
twenty-four hours. He was thoroughly investigated 
in another hospital. No evidence of 
disease was found. The pain did not recur. 


There were no 


organic 





Fig. 2. Solitary myeloma of the skull. Left 
lateral view of the skull showing the defect in the left 
frontal bone extending into the parietal bone. Strands 
of bone cross the defect 


Physical examination was essentially negative 
except for a diffuse swelling of the left frontal region 
beginning about 2 cm. above the left eyebrow and 
extending well back into the hair. The swelling 
non-tender, non-fluctuant. A definite 
bone defect beneath portions of the swelling could 
be felt, the edges of which were irregular, sharp, 
and firm. This bony defect was roughly oval, 
measuring about 3 xX 6 cm., with its greatest 
There was 


was soft, 


diameter in the anteroposterior axis. 
no discoloration over the swelling and no loss of hair 
in this region. Vision in the left eye was impaired. 
The form but not the details of objects could be 
distinguished. Visual fields were normal. The 
left lens was cloudy. The prostate was moderately 
enlarged and firm, with one nodule palpable in the 
right lobe. 

Laboratory findings: 
gm.; red blood cells 5,010,000; 


( 
» 
o 


The hemoglobin was 15.2 
white cells 6,100 
(polymorphonuclears 7 per cent; lymphocytes 
21 per cent; mononuclears 3 per cent; eosin yphiles 
3 per cent); blood smear normal; Kline test 
negative. The urine was negative. No evidence 
of Bence-Jones proteinuria was found. The erythro- 
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cyte sedimentation rate was 6 mm. in one hour. 
The serum phosphatase was 2.7 Bodansky units 
per cent; serum calcium 9.5 mg. per cent; 
inorganic phosphorus 3.0 mg. per cent; non- 
protein nitrogen 32 mg. per cent; serum acid 
phosphatase 3.0 G. umits per cent; _serum 
cholesterol 235 mg. per cent; serum protein 6.4; 
srum albumin 4.1; serum globulin 2.3. 

Stereoscopic films of the chest disclosed evidence 
of completely healed minimal tuberculosis of both 
apices with bulla formation. No evidence of bone 
destruction could be seen in any of the ribs. 

Stereoscopic films of the skull (Figs. 1 and 2) in 
both lateral and postero-anterior positions showed 
a large area of diminished density in the left side 
of the frontal bone extending back a short distance 
into the parietal bone. In the center of the involved 
area, both tables have apparently been destroyed, 
but around the periphery, one table, apparently 
the outer, is preserved. In two places strands of 
bone seem to cross the area of the defect. The 
margin of this area is quite well defined. The 
appearance is that of an expanding lesion which 
has destroyed bone by pressure. There is no 
evidence of atrophy of the sella turcica. The 
pineal gland is calcified and lies in its normal 
position. 

Films were made of the entire skeleton except 
for the hands and feet. No evidence of bone 
destruction in any other area could be made out. 

A biopsy was taken from the tumor through an 
incision along its upper margin. The tumor tissue 
was soft, reddish, and very vascular, ‘‘resembling 
thyroid tissue."” It was enclosed in a definite 
capsule. The pathological report stated: ‘‘The 
tissue is composed almost exclusively of plasma 
cells packed in together with hardly any supporting 
framework. Many of the cells contain two, three, 
ormore nuclei. Mitoses are infrequent and difficult 
tofind. The cells are quite characteristic of plasma 
cells and only differ in that many of them have 
more than one nucleus and that the cytoplasm is 
quite granular." The diagnosis was myeloma of 
the skull. 

The patient received roentgen therapy, a total 
of 4100 r (in air) over the tumor area in sixteen days. 
Roentgenographic examination of the skull six 
weeks from the date of admission showed no re- 
markable change from the previously described 
defect. No new rarefied areas that would suggest 
an extension of the disease could be seen. The 
patient was seen again approximately ten weeks 
after the date of admission. The soft tissue tumor 
m the left frontal region had disappeared although 
the bony defect in the skull was apparently un 
changed to palpation. Four and one half months 
ater admission, there was still no evidence of 
swelling. Films of the skull disclosed no change 
m the defect when compared with those taken at 
the time of admission. No evidence of bone repair 
could be made out. 


SOLITARY MYELOMA OF THE SKULL 197 


As stated by Cutler, solitary myelomas 
are of two clinical types: those that are 
solitary at first, but later become multiple, 
and with the rare, true solitary myeloma 
which remains localized for four years or 
longer. It is possible that all multiple 
myelomas commence as unrecognized soli- 
tary myelomas. Yet the establishment 
of the diagnosis of solitary myeloma is of 
real value, since the solitary lesion is 
amenable to therapy and has a much more 
favorable prognosis. In our case, the 
period of observation is too short to deter- 
mine into which of the two groups it will 
eventually fall. 

The lack of Bence-Jones proteinuria 
and the normal blood protein findings in 
this case are of interest. Mathias’ case, 
which after 18 months remained a solitary 
myeloma, showed no Bence-Jones protein. 
Peyton’s case, which became multiple 
after six months, showed Bence-Jones 
protein two months before generalization 
of the disease. In Pasternack’s series, 
only 13 per cent of the cases showed this 
finding at the time the solitary lesion was 
discovered. In 2 of 31 cases it appeared 
after generalization of the disease. 

The diagnosis in our case could be es- 
tablished only by biopsy. The importance 
of this procedure is worthy of emphasis. 
622 West 168th St. 

New York, N. Y, 
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The Problem of Gastric Cancer 


The general medical attitude toward 
gastric cancer, prior to the twentieth cen- 
tury, was one of extreme pessimism. This 
was justified, in the first place because of 
the lack of means of making a diagnosis in 
the early stages of the neoplasm, and in the 
second place because of the high mortality 
attendant on its operative removal. The 
opening of this century saw the beginnings 
of roentgenologic study of the digestive 
tract, which, by making possible the de- 
tection of gastric cancer in its resectable 
stage, was destined to revolutionize the 
managment of this disease. Upon surgery 
now devolved the responsibility of per- 
fecting the technic of gastrectomy and 
thereby reducing the operative mortality. 
Recent reports from various surgical groups 
give at once an encouraging and disappoint- 
ing picture and present a challenge to all 
those interested in the diagnosis and treat- 
ment of this serious condition. 

It is generally conceded that roentgen 
examination is the most useful aid in the 
early diagnosis of cancer of the stomach. 
By this means it is possible not only to 
demonstrate the gastric lesion in nearly 
every case but in a high percentage actually 
to make a definite diagnosis of cancer. 
Walters, Gray, and Priestley (3), in a re- 
view of a large series of cases in which gas- 
tric resection was done, report that in 99 per 
cent a gastric lesion had been demonstrated 
roentgenologically, although 10 per cent of 
the lesions were originally diagnosed as gas- 
tric ulcers. In another series, Cooper (2) 
found the accuracy of the roentgen examina- 
tion to be 86 per cent, with an additional 
3.1 per cent suggestive of cancer. In 97.8 
per cent of his series a gastric lesion was 


demonstrated. In 80 per cent of the early, 
resectable cases the roentgenologist made a 
diagnosis of cancer. 

The figures quoted above demonstrate 
the accuracy of roentgen examination, but 
attention should be drawn to the fact that 
when only early resectable cases are con- 
sidered the percentage falls sharply. Pa- 
tients with small gastric lesions, the exact 
nature of which is not obvious, must be re- 
peatedly examined until all doubt is cleared 
up. It is in such cases that one may ex- 
pect the greatest number of surgical 
cures and the lowest surgical mortality. 

Another weapon which is now available 
in the fight against cancer of the stomach 
is the flexible gastroscope. While exact 
statistics of its value are not at present 
available, there is increasing evidence that 
additional preoperative information may 
be gained by its use in certain ulcerative 
lesions the etiology of which is not clear. 
Its chief application is in the study of the 
mucosa and the margins and bed of the 
ulcer, but great significance should also be 
attached to its use in gastritis and polyposis 
for the detection of precancerous lesions. 

Complete surgical eradication of the 
neoplasm is the method of choice in the 
treatment of cancer of the stomach. The 
final statistics in any series will depend 
upon many factors, the chief one being the 
stage at which a diagnosis is made. 

In a statistical report from the Mayo 


Clinic, covering the years 1907-38, Wal- 
ters, Gray, and Priestley (3) review the 
results obtained in 11,000 cases of gastric 


° = . 9779 
cancer. Resection was possible in 2,//4 
patients, with an average operative mor- 
tality of 16 per cent, though this latter 
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figure has been progressively lowered in 
recent years. The five-year survival rate 
after resection was 29 per cent, the ten- 
year survival rate 20 per cent, and the 
fifteen-year survival rate 15 per cent. Of 
those patients without extension of the 
disease or metastases, 44.7 lived five years 
after leaving the hospital, but of those 
with metastases, only 17.3 per cent sur- 
vived the five-year period. Having ana- 
lyzed their findings, the authors state in 
conclusion that in cases of persistent 
dyspepsia, regardless of its type, roent- 
genographic studies and, when necessary, 
supplementary gastroscopic examinations, 
furnish an accurate method of diagnosis. 
Medical treatment should not be imnsti- 
tuted without a preliminary roentgeno- 
logic examination. 

Boyce (1) in a report of gastric car- 
cinoma seen at the Charity Hospital of 
Louisiana paints a much less hopeful pic- 
ture and one which he believes is more 
representative of the general incidence of 
gastric carcinoma and the mortality of 
gastric resection. His statistics, pre- 
sented graphically, show that of every 30 
patients with carcinoma of the stomach 
who enter the Charity Hospital, only 10 
can be submitted to surgery; of these 10 
patients, 5 receive only palliative opera- 
tions; in 3 only exploration is done; 2 
have gastrectomies, and of these only 1 
leaves the hospital alive. Boyce quotes 
statistics from the literature showing an 
operative mortality ranging from 30 to 
58 per cent and points out that these 
figures represent the results of a large 
number of general surgeons in contrast to 
those of one or more highly trained in gas- 
tric surgery. He believes that the social 
status of the patient also has a bearing on 
the prognosis. Many of the patients in 
his series were of a low social level; most 
had advanced disease and were poor sur- 
gical risks. 


THE PROBLEM OF GASTRIC CANCER 





199 


In a study of 264 patients from the New 
York Hospital with proved gastric car- 
cinoma, Cooper (2) found that in only 41 
or 15.5 per cent was a diagnosis made suf- 
ficiently early for the case to be considered 
curable by surgical resection. The mor- 
tality directly due to resection in these 
cases was 9.8 per cent. In only 9 cases 
had resection been done more than five 
years previously, but of this group 4 pa- 
tients were living and well, a five-year 
survival rate of 44.4 per cent. 

In studying these statistics it is readily 
apparent that the failure of the surgeon is 
due largely to late diagnosis; that success 
can be attained only while the lesion is 
small and while the patient is still in a good 
physical condition. The _ responsibility 
for late diagnosis must be divided between 
the physician and the patient. For im- 
provement we must look to both. The 
patient must be taught to consult his phy- 
sician earlier in the presence of gastric 
symptoms. This is a difficult problem but 
not a hopeless one, for it is the general ex- 
perience that patients of all types are 
gradually being seen earlier in the course 
of their diseases. The physician must be 
encouraged to make a more thorough phys- 
ical examination, with laboratory tests 
and, above all, a complete roentgen exami- 
nation, before placing the patient on medi- 
cal treatment. He must realize more 
clearly the seriousness of gastric symptoms 
occurring in middle or late adult life, but 
at the same time must appreciate that the 
despondent attitude of the past is not jus- 
tified in the light of our present knowledge. 


REFERENCES 


Carcinoma of the Stomach in a 
J. A. M. A. 117: 1670-1675, 


1. Boyce, F. F.: 
Large General Hospital. 
Nov. 15, 1941. 

2. Cooper, Wa. A.: The Problem of Gastric Can- 
cer. J. A. M. A. 116: 2125-2129, May 10, 1941. 

3. WALTERS, WALTMAN, Gray, H. K., AND Prigest- 
LEY, J. T.: Malignant Lesions of the Stomach. J. A. 
M.A 117: 1675-1679 Nov. 15, 1941. 











ANNOUNCEMENTS AND BOOK REVIEWS 





URGENT NEED OF CONSERVING X-RAY 
EQUIPMENT AND ACCESSORIES 

Most civilian radiologists are aware that it is be- 
coming increasingly difficult to obtain x-ray ac- 
cessories, but the gravity of the situation and the 
necessity of taking steps to meet it are not fully ap- 
preciated. Among items in which the shortage is 
already severe or threatens to become so are: cas- 
settes, intensifying screens, developing hangers, de- 
veloping tanks, x-ray tubes, x-ray meters, and film 
driers. Most critical is the scarcity of developing 
hangers, which are almost unobtainable, and of in- 
tensifying screens. 

Chief among causes of the condition is, of course, 
the tremendous demand of our armed forces. Pri- 
orities have vastly reduced the available stocks of 
essential materials, notably steel especially, stain- 
less steel. To this circumstance is added the fact 
that many of the skilled artisans who are indispens- 
able for the manufacture of x-ray apparatus have 
been inducted into the armed services, and produc- 
tion is correspondingly diminished. 

It seems unlikely that the condition will be re- 
lieved soon or in substantial degree by governmental 
action, for the government must place the welfare 
of its fighting men above all other considerations, 
and all of us heartily approve of that obligation. As 
radiologists we must make the best of the situation 
by conserving the equipment we have and using it 
wherever it is most needed. Our past prodigality 
has left a wide margin for retrenchment and econ- 
omy without serious loss of efficiency. Damaged 
equipment can be repaired. Outmoded accessories 
can be redeemed from private junk heaps and used 
again if needed. All apparatus can be handled with 
greater care and used only when really necessary. 
Equipment left behind by physicians who have 
joined the armed forces can be sold or loaned to 
civilian radiologists and put into useful service. 
These are only a few of the measures that we can em- 
ploy, and, if we apply ourselves earnestly to this 
chore, we can accomplish much by efforts and sacri- 
fices that will be very small in comparison with 
those made by our fighting kinsmen and colleagues. 


MILITARY COMMITTEE, RADIOLOGICAL 
SOCIETY OF NORTH AMERICA 
A. C. Christie, Chairman 
W. Edward Chamberlain 
E. P. Pendergrass 
U. V. Portmann 
B. R. Kirklin, Secretary 


GEORGIA RADIOLOGICAL SOCIETY 
At the annual meeting of the Georgia Radiological 
Society recently held in Atlanta, at the Lawson 
General Hospital, Dr. R. C. Pendergrass of Americus 


was elected President and Dr. James J. Clark of 
Atlanta, Secretary-Treasurer. An excellent program 
was furnished. Colonel Sloat, representing the Or. 
thopedic Department of the Hospital, presented 
some interesting cases, Dr. Elliott Scarborough read 
a paper on Malignant Lesions of the Mouth, and 
there was a stimulating discussion of unusual and 
instructive cases. 


VIRGINIA RADIOLOGICAL SOCIETY 

The recently elected officers of the Virginia Radi- 
ological Society are: President, Wright Clarkson, 
M.D., of Petersburg; Vice-President, Clayton W. 
Eley, M.D., of Norfolk; Secretary-Treasurer, E. 
Latané Flanagan, M.D., of Richmond 


Books Received 


Books received are acknowledged under this 
heading, and such notice may be regarded as recog- 
nition of the courtesy of the sender. Reviews will 
be published in the interest of our readers and as 
space permits. 


FRACTURES. By Paut B. MacGnuson, M.D., 
F.A.C.S., Associate Professor of Surgery, North- 
western University Medical School, Attending 
Surgeon, Passavant Memorial Hospital and Wes- 
ley Memorial Hospital, Chicago. Fourth Edition, 
Revised. A volume of 511 pages with 317 illus- 
trations. Published by J. B. Lippincott Company, 
Philadelphia, 1942. Price $5.50. 


Book Reviews 


INTESTINAL OBSTRUCTIONS. By OweEN H. WANG- 
ENSTEEN, B.A., M.D., Pu.D., Professor of Sur- 
gery of the University of Minnesota and Surgeon- 
in-Chief of the University of Minnesota Hospital. 
Second Edition. A volume of 484 pages with 143 
figures. Published by Charles C Thomas, 
Springfield, Illinois, 1942. Price $7.00. 


This is an excellent treatise on the very important 
and serious clinical problem of intestinal obstruc- 
tion. Beginning with the preface, right through to 
the last page of the last chapter, dealing with ob- 
structions due to vascular causes, the book is full of 
practical suggestions regarding the manner in which 
intestinal obstruction disturbs the economy of the 
body and the diagnostic and therapeutic procedures 
for this most devastating human ailment. 

The author very wisely has divided his material 
into four parts, physiological and clinical consider- 
ations; general diagnostic considerations; the man- 
agement of acute intestinal obstruction; the special 
obstructions. 
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Sixty pages (Chapter I) are devoted to physiologi- 
cal and clinical considerations, covering the ef- 
fects of distention, the character and source of dis- 
tention, the manifestations of distention upon the 
howel wall, and the systemic effects of distention. 
Absorption in obstruction, the significance of the 
blood loss factor in strangulating obstructions, and 
the nature of the toxemia associated with obstruc- 
tion are also discussed 

Although it is stated that no direct and unequivo- 
cal answer has been obtained for the question of 
lethal factors in obstruction, the author's opinion 
seems to be that, apart from the loss of fluids and 
electrolytes, which is of serious consequence, the 
chief effects of obstruction are mechanical and con- 
cern intra-enteric pressure as related to the absorp- 
tion and viability of the bowel wall. When the 
viability of the wall has become impaired, then 
permeation by bacteria and other deadly agents 
occurs, but this is a secondary rather than a primary 
phenomenon. 

General diagnostic considerations are taken up 
in two chapters, covering 41 pages. One chapter 
deals with diagnostic methods in acute abdominal 
disorders, and the other with the recognition of ob- 
struction. The latter discusses, first, the methods 
of determining that obstruction exists, second, 
the localization of the obstructing lesion, determining 
whether obstruction is partial or complete, and fi- 
nally, the mechanism of the obstruction 

Seven chapters, 140 pages, are devoted to the very 
important matter of the management of acute in- 
testinal obstruction. Chapter IV discusses guiding 
principles in the treatment of acute abdominal le- 
sions. Chapter V details the important supportive 
measures, namely, the administration of physiologic 
solution of sodium chloride, blood and plasma trans- 
fusions, and the inhalation of oxygen in high con- 
centrations. In Chapter VI decompression by ap- 
plication of suction through duodenal tubes is out- 
lined. Indications for this conservative method of 
treatment, its technic, and shortcomings are ex- 
plained. In Chapter VII operative procedures, 
preoperative preparation, and choice of anesthesia 
are outlined. A special chapter (VIII) is devoted to 
the closed aseptic resection. Postoperative treat- 
ment is considered in Chapter IX, and mortality in 
Chapter X. 

Fifteen chapters, consisting of 215 pages, are de- 
voted to a discussion of obstruction due to congeni- 
tal atresia of the intestine, the imperforate anus, 
tumors and strictures of the bowel wall, obturation, 
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obstruction, fecal obstruction as in megacolon, com- 
pression of the bowel by extrinsic conditions such as 
pelvic lesions, adhesions and bands, external hernia, 
internal hernia, vclvulus, intussusception, errors in 
development of the intestine, inhibition (paralytic) 
ileus, spastic ileus, and obstruction due to vascular 
causes. 

Any practitioner of medicine may be proud to 
have this book in his reference library. Every 
teacher of medicine should have it available as a 
textbook, as it contains the most up-to-date informa 
tion on the subject and will prove a source of sound 
instruction for the student. In addition, it is writ- 
ten in an interesting, almost fascinating manner. 


THE 1941 YEAR Book or RaproLocy. Diagnosis 
edited by CuarLes A. Waters, M.D., Associate 
in Roentgenology, Johns Hopkins University; 
Assistant Visiting Roentgenologist, Johns Hop- 
kins Hospital, and Wuitmer B. Frror, M.D., 
Assistant in Roentgenology, Johns Hopkins Uni- 
versity; Assistant in Roentgenology, Johns Hop- 
kins Hospital. Therapeutics edited by Ira I. 
Kaptan, B.Sc., M.D., Director, Radiation Ther- 
apy Department, Bellevue Hospital, New York 
City; Associate Radiologist, Lenox Hill Hospital, 
New York City; Clinical Professor of Surgery, 
New York University Medical College. 496 
pages and 496 illustrations. Published by The 
Year Book Publishers, Inc., Chicago, IIl., 1942 
Price $5.00 


The latest Year Book of Radiology, the eleventh 
of this useful series, appears under the continued 
editorship of Dr. Charles A. Waters, Dr. Whitmer 
B. Firor, and Dr. Ira I. Kaplan, though an introduc- 
tory note informs the reader that Doctor Firor, at 
the time of publication, was already in Australia 
with the armed forces. Though it bears the date 
1942, only publications of the first half of the year 
are reviewed, the period covered apparently run- 
ning from the middle of 1941 to the middle of 1942, 
with the inclusion of a few pertinent papers of 
earlier date. 

The treatment of the material is much the same 
as in former years. The articles reviewed are ade 
quately abstracted and well illustrated. There is, 
as is to be expected, a much greater preponderance 
of American papers—both North and South—than 
in former years, though the British and Scandinavian 
I'terature is represented. Indexes of subjects and 
authors increase the value of the work. 
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Editor’s Note-—Will secretaries of societies please co- 
operate by sending information to Howard P. Doub, 
M.D., Editor, Henry Ford Hospital, Detroit, Mich 


UNITED STATES 


Radiological Society of North America.—Secretary, D. S. 
Childs, M.D., 607 Medical Arts Building, Syracuse, 
me A 


American Roentgen Ray Society.—Secretary, Harold 
Dabney Kerr, M.D., lowa City, Iowa. 

American College of Radiology.—Secretary, 
Cahal, 540 N. Michigan Ave., Chicago, IIl. 

Section on Radiology, American Medical Association.— 
Secretary, J. T. Murphy, M.D., 421 Michigan St., 
Toledo, Ohio. 


Mac F. 


ARKANSAS 
Arkansas Radiological Society.—Secretary-Treasurer, J. 
S. Wilson, M.D., Monticello. Meets every three 
months and annually at meeting of State Medical 
Society. 


CALIFORNIA 
California Medical Association, Section on Radiology.— 
Secretary, Joseph D. Coate, M.D., 434 Thirtieth St., 
Oakland. 
Los Angeles County Medical Association, Radiological 
Section.— Secretary, Donald R. Laing, M.D., 65 N. 
Madison Ave., Pasadena. Meets second Wednesday of 
each month at County Society Building. 
Pacific Roentgen Society.—Secretary-Treasurer, L. Henry 
Garland, M.D., 450 Sutter St., San Francisco. Society 
meets annually during annual meeting of the California 
Medical Association. 
San Francisco Radiological Society.—Secretary, Earl 
R. Miller, M.D., University of California Hospital. 
Meets monthly on third Thursday at 7:45 p.m., for 
the first six months at Toland Hall (University of Cali- 
fornia Medical School); second six months at Lane 
Hall (Stanford University School of Medicine). 


COLORADO 
Denver Radiological Club.—Secretary, Edward J. Meis- 
ter, M.D., 366 Metropolitan Bldg. Meetings third 
Friday of each month at the Denver Athletic Club. 


CONNECTICUT 
Connecticut State Medical Society, Section on Radiology. 
—Secretary-Treasurer, Max Climan, M.D., 242 Trum- 
bull St., Hartford. Meetings bimonthly, on second 
Thursday. Place of meeting selected by Secretary. 


FLORIDA 
Florida Radiological Society—Acting Secretary, 
Walter A. Weed, M.D., 204 Exchange Building, Orlando. 


GEORGIA 
Georgia Radiological Society. — Secretary-Treasurer, 
James J. Clark, M.D., 478 Peachtree St., N. E., 
Atlanta. Meetings twice annually, in November and 
at the annual meeting of State Medical Association 


ILLINOIS 
Chicago Roentgen Society.—Secretary, 
Furey, M.D., 6844 S. Oglesby Ave. 
Palmer House, second Thursday of October, 
vember, January, February, March, and April 


Warren W. 
Meets at the 
No- 


——— 


Illinois Radiological Society.—Secretary-Treasurer, Wil. 
liam DeHollander, M.D., St. Johns’ Hospital, Spring. 
field. Meetings quarterly by announcement. 

Illinois State Medical Society, Section on Radiology ~ 
Secretary, Fay H. Squire, M.D., 1753 W. Congress St 
Chicago 

INDIANA 

The Indiana Roentgen Society.—Secretary-Treasurer 
Harold C. Ochsner, M.D., Methodist Hospital, Indian. 
apolis. Annual meeting in May. 


IOWA 

The Towa X-ray Club.—Holds luncheon and business 
meeting during annual session of Iowa State Medical 
Society. 

KENTUCKY 
Kentucky Radiological Society.—Secretary-Treasurer, 
Sydney E. Johnson, M.D., Louisville City Hospital, 
Louisville. Meeting annually in Louisville, third Satur- 
day afternoon in April 

LOUISIANA 
Louisiana Radiological Society.—Secretary-Treasurer, 
Johnson R. Anderson, M.D., North Louisiana Sani- 
tarium, Shreveport. Meets annually at same time as 
State Medical Society. 
Shreveport Radiological Club.—Secretary-Treasurer, W 
R. Harwell, M.D. Meetings monthly on the second 
Wednesday, at the offices of the various members. 


MARYLAND 
Baltimore City Medical Society, Radiological Section— 
Secretary, Walter L. Kilby, M.D., 101 W. Read St. 
Meetings are held the third Tuesday of each month. 


MICHIGAN 

Detroit X-ray and Radium Society.—Secretary-Treasurer, 
E. R. Witwer, M.D., Harper Hospital, Detroit. Meet- 
ings first Thursday of each month from October to May, 
inclusive, at Wayne County Medical Society club 
rooms, 4421 Woodward Ave., Detroit. 

Michigan Association of Roentgenologists.—Secretary- 
Treasurer, E. M. Shebesta, M.D., 1429 David Whitney 
Bldg., Detroit. Meetings quarterly by announcement. 


MINNESOTA 
Minnesota Radiological Society.—Secretary, John P. 
Medelman, M.D., 572 Lowry Medical Arts Bldg., St. 
Paul. Meetings quarterly. 


MISSOURI 
Radiological Society of Greater Kansas City.—Secretary, 
Arthur B. Smith, M.D., 306 E. 12th St., Kansas City, 
Mo. Meetings last Thursday of each month. 
The St. Louis Society of Radiologists.—Secretary, Wilbut 
K. Mueller, M.D., University Club Bldg. Meets on 
fourth Wednesday of each month except June, July, 
August, and September, at a place designated by the 
president. 

NEBRASKA : 
Nebraska Radiological Society.—Secretary, F. L. Sim- 
onds, M.D., 1216 Medical Arts Bldg., Omaha. Meet- 
ings third Wednesday of each month at 6 P.M. in either 
Omaha or Lincoln. 


NEW ENGLAND 
New England Roentgen Ray Society (Maine, New Hamp- 
shire, Vermont, Massachusetts, and Rhode Island).— 
Secretary, Hugh F. Hare, M.D., Lahey Clinic, Boston, 
Mass. Meets monthly on third Friday at Boston 
Medical Library. 
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NEW JERSEY 
Radiological Society of New Jersey.—Secretary, H. J. 
Perlberg, M.D., Trust Co. of New Jersey Bldg., Jersey 
City. Meetings at Atlantic City at time of State 
Medical Society and midwinter in Newark as called by 
president. 

NEW YORK 
Associated Radiologists of New York, Inc.—Secretary, 
William J. Francis, M.D., 210 Fifth Ave., New York 
City. Regular meetings the first Monday evening of 
the month in March, May, October, and December. 
Brooklyn Roentgen Ray Society.—Secretary-Treasurer, 
Leo Harrington, M.D., 880 Ocean Ave. Meetings held 
the fourth Tuesday of every month, October to April. 
Buffalo Radiological Society.—Secretary-Treasurer, 
Joseph S. Gianfranceschi, M.D., 610 Niagara St. 
Meetings second Monday evening each month, October 
to May, inclusive. 
Central New York Roentgen Ray Society.—Secretary- 
Treasurer, Carlton F. Potter, M.D., 425 Waverly Ave., 
Syracuse. Meetings are held in January, May, and 
October, as called by Executive Committee. 
Long Island Radiological Society.—Secretary, Marcus 
Wiener, M.D., 1430 48th St., Brooklyn. Meetings 
fourth Thursday evening each month at Kings County 
Medical Bldg. 
New York Roentgen Society.—Secretary, Maurice 
Pomeranz, M.D., 1120 Park Ave., New York, N. Y. 
Rochester Roentgen-ray Society.—Secretary, S. C. David- 
son, M.D., 277 Alexander St. Meetings at convenience 
of committee. 


NORTH CAROLINA 
Radiological Society of North Carolina.—\Secretary- 
Treasurer, Major I. Fleming, M.D., 404 Falls Road, 
Rocky Mount. Meeting with State meeting in May, 
and meeting in October. 


NORTH DAKOTA 
North Dakota Radiological Society.—Secretary, L. A. 
Nash, M.D., St. John’s Hospital, Fargo. Meetings 
by announcement. 


OHIO 
Ohio Radiological Society.—Secretary, J. E. McCarthy, 
M.D., 707 Race St., Cincinnati. The next meeting will 
be held at the time and place of the annual meeting 
of the Ohio State Medical Association. 
Cleveland Radiological Society.—Secretary-Treasurer, 
J. 0. Newton, M.D., 13921 Terrace Road, East Cleve- 
land. Meetings at 6:30 p.m. at the Mid-day Club, in 
the Union Commerce Bldg., on fourth Monday of each 
month from October to April, inclusive. 
Radiological Society of the Academy of Medicine (Cin- 
cinnati Roentgenologists).—Secretary-Treasurer, Samuel 
Brown, M.D., 707 Race St. Meetings held third 
Tuesday of each month. 


PENNSYLVANIA 

Pennsylvania Radiological Society.—Secretary-Treasurer, 
L. E. Wurster, M.D., 416 Pine St., Williamsport. 
The Society meets annually. 

The Philadelphia Roentgen Ray Society. 
Robert P. Barden, M.D., 3400 Spruce St., Phil- 
adelphia. Meetings held first Thursday of each 
month at 8:15 p.m., from October to May, in Thomson 
aay College of Physicians, 21 S. 22nd St., Philadel- 
phia. 


Secretary, 


The Pittsburgh Roentgen Society.—Secretary-Treasurer, 
Reuben G. Alley, M.D., 4800 Friendship Ave., Pitts- 
burgh, Pa. Meetings are held on the second Wednes- 
day of each month at 4:30 p.m., from October to June, 
—_ Pittsburgh Academy of Medicine, 322 N. Craig 
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ROCKY MOUNTAIN STATES 
Rocky Mountain Radiological Society (North Dakota, 
South Dakota, Nebraska, Kansas, Texas, Wyoming, 
Montana, Colorado, Idaho, Utah, New Mexico).— 
Secretary, A. M. Popma, M.D., 220 North First St., 
Boise, Idaho. 


SOUTH CAROLINA 
South Carolina X-ray Society.—Secretary-Treasurer, 
Robert B. Taft, M.D., 103 Rutledge Ave., Charleston 
Meeting in Charleston on first Thursday in Novem. 
ber, also at time and place of South Carolina State 
Medical Association. 


TENNESSEE 
Memphis Roentgen Club.—Chairmanship rotates 
monthly in alphabetical order. Meetings second Tues- 
day of each month at University Center. 


Tennessee Radiological Society.—Secretary-Treasurer, 
J. Marsh Frére, M.D., 707 Walnut St., Chattanooga. 
Meeting annually with State Medical Society in April. 


TEXAS 


Texas Radiological Society.—Secretary-Treasurer, Her- 
man Klapproth M.D., Sherman. 


VIRGINIA 
Virginia Radiological Society Secretary E. Latané 
Flanagan, M.D., 215 Medical Arts Bldg., Richmond. 


WASHINGTON 
Washington State Radiological Society.— Secretary-T reas- 
urer, Kenneth J. Holtz, M.D., American Bank Bldg., 
Seattle. Meetings fourth Monday of each month at 
College Club, Seattle. 


WISCONSIN 
Milwaukee Roentgen Ray Society.—Secretary-Treasurer, 
C. A. H. Fortier, M.D., 231 W. Wisconsin Ave., Mil- 
waukee. Meets monthly on second Monday at the 
University Club. 


Radiological Section of the Wisconsin State Medical 
Society.—Secretary, Russell F. Wilson, M.D., Beloit 


Municipal Hospital, Beloit. Two-day annual meet- 
ing in May and one day in connection with annual 
meeting of State Medical Society, in September. 


Wisconsin Radiological Conference.— 
Secretary, E. A. Pohle, M.D., 1300 University Ave., 
Madison, Wis. Meets every Thursday from 4 to 5 
P.M., Room 301, Service Memorial Institute 


University of 


CANADA 


Canadian Association of Radiologists Honorary Secre- 
tary-Treasurer, A. D. Irvine, M.D., 540 Tegler Bldg., 
Edmonton, Alberta. 


La Société Canadienne-Frangaise d’Eléctrologie et de 
Radiologie Médicales.—General Secretary, Origéne Du- 
fresne, M.D., Institut du Radium, Montreal. Meet- 
ings are held the third Saturday of each month, gen- 
erally at the Radium Institute, 4120 East Ontario 
Street, Montreal; sometimes, at homes of members. 


CUBA 
Sociedad de Radiologia y Fisioterapia de Cuba.—Offices 
in Hospital Mercedes, Havana. Meetings are held 
monthly. 
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THE HEAD AND NECK 


Epidermoid, Dermoid and Teratomatous Tumors 
of the Central Nervous System. W. T. Peyton and 
A. B. Baker. Arch. Neurol. & Psychiat. 47:890-917, 
June 1942. 

In an excellent article the author reports on 14 
congenital tumors involving the central nervous 
system. These include 9 epidermoids, of which 6 
were intracranial, 2 intradiploic, and one was located 
in the spinal canal. Only one dermoid cyst was 
encountered in the intracranial cavity. The series 
includes, also, 4 teratomas, 2 intracranial and 2 within 
the spinal canal. Of the 6 intracranial epidermoids, 
4 contained sufficient calcium to be recognized in the 
roentgenogram. 

The authors describe the roentgen appearance of 
these tumors both within the diploe of the cranial 
vault and also when they occur within a lateral ven- 
tricle. The intraventricular epidermoid presents an 
encephalographic picture from which it is possible not 
only to locate the tumor but also to recognize its nature. 
The characteristic feature is ventricular displacement, 
with replacement of most of the normal ventricular 
gas by a more extensive area of irregular collections 
or streaks of air. Roentgenograms of the intradiploic 
epidermoid taken so that the greatest diameter of the 
defect is shown reveal a dense clear-cut scalloped 
margin of eburnated bone. 

The article includes a lengthy review of the pertinent 
literature and the clinical and histologic aspects of 
these tumors. Cornevius G. Dyke, M.D. 


Ganglion Cell Tumor (Ganglioglioma) in the Third 


Operative Removal with Clinical Recovery. 
Arch. Surg. 45: 


Ventricle: 
F. M. Anderson and L. J. Adelstein. 
129-139, July 1942. 

Ganglion-cell tumors of the brain are unusual. The 
most common location of this tumor in the brain is the 
floor of the third ventricle; the next most common, the 
temporal lobe. The tumor is relatively benign; the 
more adult form, the ganglioglioma, is generally quite 
chronic, while the embryonic form, the ganglioneuro- 
blastoma, runs an acute course. The neoplasm is gener- 
ally, but not always, sharply demarcated from the brain 
substance and has little tendency toward invasion. 

The tumor is usually gray, but may contain areas of 
yellow pigmentation and hemorrhage; it may be cystic 
or show central necrosis. The striking feature micro- 
scopically is the presence of ganglion cells of various 
stages of maturity. 

Surgical removal, particularly in the third ventricle, 
has proved difficult. Indeed, there is no previous record 
of the successful removal of a ganglion-cell tumor from 
this site. 

Third ventricle tumors produce a fairly constant 
symptom complex, consisting of hypersomnia; psychic 
disturbances; vegetative symptoms, including derange- 
ments of heat regulation, adiposity, genital dystrophy, 
and circulatory dysfunction; thalamic symptoms, as 
painful hypesthesia and central pain; pyramidal and 
cerebellar signs. 

A case in which successful removal of a ganglion-cell 
tumor of the third ventricle was effected is reported. 
The patient was a nine-year-old boy with a history of 
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gradual impairment of vision for three years, with pro. 
gressive development of headache, somnolence, and 
vomiting. Ventriculography revealed bilateral symmet- 
ric internal hydrocephalus and complete absence of air 
in the third ventricle. A right frontal craniotomy was 
done and a large ganglioma was found completely filling 
the anterior portion of the ventricle. It was completely 
removed and the patient made a good recovery, though 
vision was not improved. Lewis G. Jacogs, M.D. 


Diverticula of the Lateral Ventricles Extending into 
the Cerebellar Fossa. A. E. Childe and F. L. Me. 
Naughton. Arch. Neurol. & Psychiat. 47: 768-778, 
May 1942. 

The authors describe in detail a case of spongio- 
blastoma polare arising from the hypothalamic region 
of the brain. The patient had advanced internal 
hydrocephalus with associated diverticula of the 
median portion of the atrium of the lateral ventricle 
On one side the protrusion of the lateral ventricle 
through the tentorial incisure into the cerebellar 
fossa was sufficiently large to produce a cavity beneath 
the tentorium quite similar in appearance on the 
roentgenogram to an enlarged fourth ventricle. This 
led to a correct localization of the tumor, but it was 
only at necropsy that the actual condition was as- 
certained. A photograph of the left half of the brain 
after mid-sagittal section shows the position of the 
protrusions within the subarachnoid space, occupying 
roughly the central portion of the cisterna ambiens. 

A number of similar cases are cited and references 
to the literature are given. It is suggested that these 
diverticula are the result of long-continued high 
intracranial pressure, with resultant internal hydro- 
cephalus and the development of a weak point in the 
floor of the lateral ventricle overlying the incisura 
tentorii. Corne.ius G. Dyke, M.D. 


An Encephalographic Ratio for Estimating Ventricu- 
lar Enlargement and Cerebral Atrophy. W. A 
Evans, Jr. Arch. Neurol. & Psychiat. 47: 931-937, 
June 1942. 

The author describes a method of determining the 
size of the lateral ventricles of the brain by establishing 
the ratio of the transverse diameter of the anterior 
horn to the internal diameter of the skull, measured 
in encephalograms made in the horizontal antero- 
posterior position. The average value of the ratio 
for a “normal” series of encephalograms was found 
to be 0.23 with extreme values of 0.16 and 0.29. A 
significant correlation was found between the size of 
the ventricles and the size of the skull, the ratio having 
the same average value for small and large skulls and 
for the skulls of infants, children, and adults. The 
normal ratio varies for the most part between 0.20 
and 0.25. Values above 0.30 are indicative of ven- 
tricular enlargement. Corne.tius G. DyKe, M.D. 


Spontaneous Atlantoaxial Dislocations: Possible 
Relation to Deformity of Spine. J. H. Hess, S. M. 
Abelson, and I. P. Bronstein. Am. J. Dis. Child. 64: 
51-54, July 1942. 

A 5-year follow-up study of a patient with an unre- 
duced spontaneous unilateral rotary atlantoaxia! dis- 
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location is presented. The patient was first seen at the 
age of 7 years when the diagnosis was made and treat- 
ment refused. 

Examination at the age of 12 years revealed moder- 
ateasymmetry of the face, elevation of the left shoulder, 
and left kyphoscoliosis. The head was inclined to the 
left and the chin turned to the right. The spine of the 
axis was felt to the left of the mid-line, and rotation of 
the head to the left was limited. 

The relation of this lesion to deformities of the spine 
js suggested, with the further suggestion that its pres- 
ence should be looked for in cases of unexplained pos- 
tural kyphosis and scoliosis. 

GerorGceE M. Wyatt, M.D. 


THE CHEST 
Actinomycosis of the -Lung. M. T. Cockburn. 
M. J. Australia 2:7, July 4, 1942. 

A case of actinomycosis of the lung is presented 
because of its rarity and the difficulty in making 
a diagnosis 

A Polish officer of 41 years entered a British hospital 
on July 23, 1941, complaining of malaise and a dry 
cough associated with fever of ten weeks’ duration. 
Pain in the left chest was aggravated by coughing. 
The patient had been ill a year previously with what 
had been described as a pneumonia involving the 
bases of both lungs. 

Dullness to percussion breath 
There 
Examination 

The blood 
count was normal. The blood sedimentation rate 
was 109 mm. in the first hour. Roentgenograms of 
the chest showed an opacity of the middle zone of the 
left lung which was interpreted as an interlobar ef- 
fusion. A diagnosis of pulmonary tuberculosis with 
effusion was made. During ten weeks in the hospital 
there was little change in the condition except for 
disappearance of fever. 

In October 1941 the patient was transferred to the 
Sixth Australian Hospital. His physique was poor 
and he had a severe cough with variable amounts of 
sputum, which sometimes was offensive and once was 
blood-stained. Roentgenograms showed the left lung 
opacity essentially unchanged, and the possibility of 
consolidation rather than effusion was suggested. On 
the basis of a weak Kline test antisyphilitic treatment 
Was instituted, but without favorable results. 

About the middle of November 1941 a roentgeno- 
gram of the chest showed that the area of opacity 
in the left lung was more extensive. A diagnosis of 
bronchogenic carcinoma was made but was not sub- 
stantiated by lipiodol studies. After this procedure 
the patient raised more sputum and his fever was as, 
high as 102°. Aspiration of the left chest on Nov. 25 
did not produce any significant evidence. A Kline 
test and sputum examination on Dec. 1 were negative. 

On Dec. 8 a thoracotomy was done and a loculated 
abscess cavity was drained. Six ounces of thick, foul 
Pus were evacuated and examination of the material 
showed “organisms morphologically indistinguishable 
from those of actinomycosis.”” The patient died 
forty-eight hours after the operation. Autepsy re- 
vealed an abscess cavity 3 X 5 cm. in the upper lobe 
of the left lung. The inflammatory process about 


and diminished 


sounds were elicited over the upper left lobe. 
was clubbing of the fingers and toes. 
of the sputum was essentially negative. 
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the cavity was of solid consistence and contained 
numerous yellow areas. Microscopic examination 
showed lipoid pneumonia. 

DONALD R. Larnc, M.D. 


Coccidioidal Granuloma (Coccidioidomycosis): Its 
Incidence in Man and Animals and Its Diagnosis in 
Animals. G. W. Stiles and C. L Davis. J. A. M. A. 
119: 765-769, July 4, 1942. 

A highly fatal disease in man, known as coccidioidal 
granuloma, was recognized for many years in central 
California, while in the same locality there existed a 
non-fatal influenza-like disease known locally as ‘‘valley 
fever,’ “‘desert fever,’ ‘““desert rheumatism,”’ or “‘San 
Joaquin Valley fever.’’ In 1936 Dickson and Gifford 
showed that the two maladies were caused by the same 
organism, Coccidioides immitis. 

Valley fever resembles influenza in its initial stage. 
In about 5 per cent of the cases it is followed in a few 
days by the eruptive phase of erythema nodosum; 
less frequently by erythema multiforme. The mortality 
is negligible. Coccidioidal granuloma is a chronic, pro- 
gressive, highly fatal fungus disease affecting the lungs, 
skin, lymph nodes, bones, meninges, thoracic viscera, 
and other body tissues. The infection in cattle has thus 
far been confined to the thoracic lymph nodes and the 
lungs. In man coccidioidomycosis closely mimics tuber- 
culosis and frequently may be mistaken for that disease. 
Recovery of the fungus from the sputum or body tissues 
should verify the diagnosis. 

Pulmonary infection may be acquired by inhalation 
of the vegetative phase of dust-laden chlamydospores. 
The vegetative form of the fungus is believed to exist 
more frequently during rainy periods in arid regions 
where the winters are relatively warm and summers are 
hot, dry, and dusty. Abrasion of the skin may be a 
route of infection, and in rare instances the disease may 
be acquired by way of the gastro-intestinal tract. Man- 
to-man and animal-to-man infection probably does not 
occur. 

The great majority of cases of coccidioidal granuloma 
occur in California, originating in the southern San 
Joaquin Valley, but its appearance both in man and 
animals from other localities indicates that the malady 
is either spreading or has not heretofore been recognized. 
Cases have occurred in Arizona, Colorado, Illinois, 
Kansas, Missouri, Nebraska, New Mexico, Pennsyl- 
vania, South Carolina, Texas, and Washington. Alaska, 
Tennessee, Louisiana, and Hawaii have also reported 
the occurrence of the disease. 

The veterinary phase of the problem has its place in 
relation to public health and animal welfare. Six spe- 
cies of rodents trapped in the vicinity of San Carlos, 
Arizona, have been found to have the disease. Farness 
reports cases in dogs and cats at Tucson, Arizona. 
Evidence is presented that a variant of Coccidioides 
immitis is present in the Phoenix, Arizona, district, 
that it affects sheep in particular, and that it produces a 
non-fatal, usually undiagnosed illness in human sub- 
jects. 

During the past ten years 78 positive cases of coccidi- 
oidal infection in bovines were diagnosed in the labo- 
ratory of the Denver Bureau of Animal Industry. 
These originated as follows: from California 62, from 
Arizona and Texas 5 each, from Old Mexico 4, from 
Colorado and New Mexico 1 caseeach. These definitely 
diagnosed cases represent many additional cases in ani- 
malssent for slaughter, since only representative samples 
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from a lot are sent to the laboratory for examination. 
A summary of the data now at hand shows a total of 116 
definitely diagnosed cases of bovine coccidioidal granu- 
loma in the United States. It is probable, however, 
that many more cases in cattle have escaped identifica- 
tion or were not submitted for laboratory confirmation. 

Cattle affected with coccidioidal granuloma show no 
clinical symptoms and the lesions thus far observed have 
been confined to the thoracic lymph nodes and the lungs 
and are detected only when the animals come to slaugh- 
ter. Grossly the lesions may be confused with tubercu- 
losis, actinomycosis, actinobacillosis, or abscesses due 
to Corynebacterium pyogenes. The 78 bovine cases re- 
ported in this article were diagnosed in the Denver labor- 
atory either by the demonstration of spherules in press 
preparations of the purulent contents, positive cultures 
of Coccidioides immitis being obtained, or by micro- 
scopic sections. 

Microscopic study of sections of the lesions stained 
with hematoxylin-eosin show a granulomatous process 
consisting of connective tissue, blood vessels, plasma 
cells, mononuclear and polymorphonuclear leukocytes, 
a few eosinophile and giant cells. Scattered throughout 
the tissue are variable numbers of double-contoured 
spherules, the majority of which have been taken up by 
giant cells. In some fields the cellular reaction mimics a 
tubercle. CLARENCE E. WEAVER, M.D. 


Pleuropulmonary Tularemia: Report of a Case with 
Recovery. J. O. Finney. South. M. J. 35: 660-663, 
July 1942. 

Verbrycke was the first to demonstrate pulmonary 
lesions in tularemia at autopsy, in 1924 (J. A. M. A. 82: 
1577, 1924). Pasteurella tularensis was recovered from 
the sputum by Bunker and Smith in 1928 (U. S. Nav. 
M. Bull. 26: 901, 1928). The condition is uncommon. 

The author’s patient, a 26-year-old white male textile 
worker, was admitted to the hospital in delirium. His 
illness had begun suddenly ten days earlier, with severe 
chills and high fever. Chest pain and cough developed 
one week after onset. The white blood count was 16,- 
000. Aspirated pleural fluid showed specific gravity of 
1.020, with lymphocytes predominating. Blood agglu- 
tination was positive for P. tularensis. Roentgenograms 
of the chest showed an exudative pleuro-pneumonic 
process. Under treatment with large doses of sulf- 
anilamide and sulfathiazole the patient made an un- 
eventful recovery. 

Clinically and roentgenologically tularemic pneumo- 
nia has no unique characteristics 

Max Mass, M.D. 


Hydatidosis of the Lung. J. Arce. Surg., Gynec. & 
Obst. 75: 67-73, July 1942 

The author reports in detail the course of a patient 
with hydatidosis, or echinococcosis, of both lungs—a 
large cyst in the left lung and a smaller one in the right 
The cyst in the left lung was evacuated and the remain 
ing walls were thoroughly cleansed. A year later, an 
attempt was made to remove the cyst in the right lung 
by an extrapleural approach. A right pleural effusion 
resulted. Chest studies at the time showed several small 
rounded shadows within the residual cavity in the left 
lung. Subsequent roentgenograms, thirty months after 
the first operation, showed the cavity completely re- 
placed by the typical shadow of another hydatid cyst. 
The author assumed, and proved by subsequent opera 
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tion, that fertile scolices had remained in the residual 
cavity and had grown to form a second hydatid cyst at 
the original site. 

A second somewhat similar case is cited and it is 
pointed out that the live—and therefore fertile—hyda- 
tid elements (scolices, hydatid vesicles) are capable of 
becoming grafted on human tissues and, without under- 
going the 7aenia stage, of giving rise to a new cyst. 
This has been demonstrated experimentally, and clinica] 
observations have shown recurrences in operative scars 
following removal of hydatid cysts from liver, lung, and 
other locations 

The two cases reported here are, as far as the author 
knows, the only ones on record of grafts in the residual 
cavity following operation. He believes that this type 
of recurrence is favored by the Posadas method—eyac- 
uation of the cyst and suture without drainage—and 
recommends that, in cases where this method must be 
employed, the interior of the cavity be thoroughly 
cleansed with ether before closing the wound 

IvAN J. MILLER, M.D 


An Acute Respiratory Infection Resembling So- 
Called Acute Pneumonitis: Report of 40 Cases. 
L. B. Duggan and W. L. Powers. U. S. Nav. M 
Bull. 40: 651-659, July 1942. 

This is a study of 40 cases of an acute infectious 
disease of the respiratory tract recently observed ina 
U. S. Naval Hospital. The cases reported were of 
insidious onset, with minimal respiratory and con- 
stitutional symptoms and a slightly elevated leukocyte 
count. Roentgen studies of the chest showed a small 
area of increased density most often at the base or 
hilus of one lung. The disease is believed to be of 
possible virus origin. The response to the sulfon- 
amides was less favorable than in the usual pneumo- 


coccic infection. 


Transitory Pulmonary Infiltrations Mistaken for 
Tuberculosis, with a Report of Five Cases. A. A 
Karan and E. Singer. Ann. Int. Med. 17: 106-124, 
July 1942 

Five cases are recorded in which chest roentgeno- 
grams showed shadows so closely resembling tubercu- 
lous infiltrations that a diagnosis of tuberculosis was 
made, though it was subsequently found that the 
condition was non-tuberculous. Two of the cases 
proved to be bronchopneumonia probably due to a 
filtrable virus. The roentgenograms at the onset of 
the illness, the symptoms, and the blood picture were 
strongly suggestive of the exudative type of tubercu- 
losis, but serial roentgen study showed rapid resolution 
of the pulmonary infiltration, and this, with failure to 
find tubercle bacilli in the sputum, disproved the origi- 
nal diagnosis. 

In 2 instances the infiltration was of the type de- 
scribed by Léffler, associated with eosinophilia 
(Schweiz. med. Wehnschr. 66:1069, 1936), though the 
symptoms were more severe and clearing of the lungs 
was less rapid than in the usual Léffler case. In the 
remaining patient the diagnosis was not definitely 
established but the original roentgen findings were 
attributed to lobular atelectasis with beginning pul- 


monary necrosis as a sequence of bronchial obstruction 


The authors state in conclusion that reliance on 


a single chest roentgenogram for diagnosis fre quently 
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leads to error, and that, when tubercle bacilli cannot 
be found in the sputum or aspirated gastric contents 
by any method of examination, including cultures and 
guinea-pig inoculation, it is extremely unlikely that 
the bronchopulmonary disease is tuberculous 

J. A. L. McCu.Loucn, M.D 


Management of the Minimal Tuberculous Lesion. 
AL. Krueger, B. P. Potter, and A. E. Jaffin. Am 
Rev. Tuberc. 46: 50-58, July 1942. 

Because there has been some controversy as to the 
proper method of treating the minimal tuberculous le- 
sion the authors reviewed the records and x-ray films of 
185 cases belonging in this category. Analysis of the 
results shows that arrest of disease was accomplished 
by bed rest as an initial procedure in 78 per cent of the 
series. The results of treatment were more satisfactory 
in those patients treated in the hospital or sanitarium 
than in those treated in the clinic or at home, since twice 
as many recurrences were encountered in the latter 
group. Collapse therapy is recommended in this type 
of patient only when progression of the lesion occurs, 
when tubercle bacilli are recovered from the sputum and 
fail to disappear after a liberal period of bed rest, or 
when hemoptysis is present. L. W. Paut, M.D. 
J. V. Skavlem, 

of Chest. 8: 


Diabetes Mellitus and Tuberculosis. 

Cc. A. Castle, and F. R. Moore. Dis 
209-212, July 1942. 

The authors report a series of 3 cases emphasizing the 
increased severity of diabetes when tuberculosis super- 
venes, the occurrence of tuberculosis in diabetic patients 
after coma, the necessity of frequent physical examina- 
tion and roentgen study of the chest in diabetics. Sta- 
tistics are quoted showing that pulmonary tuberculosis 
occurs two to three times as often in persons with dia- 
betes mellitus as it does in the general population 

WiiiiaM H. GIiL_entine, M.D. 


Some Notes on Cystic Disease of the Lungs, with a 
Report of One Case. W. R. Stanford and B. C. Nalle, 
Jr. Ann. Int. Med. 17: 65-77, July 1942. 

The authors report a case of cystic disease of the 
lungs, with clinical and pathological findings, illustrated 
by reproductions of roentgenograms and photographs 
of pathological specimens. Special emphasis is placed 
on the difficulty of differentiating between congenital 
cystic disease, acquired cystic disease, and extensive 
emphysema. The case reported was roentgenologically 
typical of that group which has been diagnosed as 
congenital cystic disease of the lung, but as the patient, 
aman of 34, had experienced no symptoms until 
four years previously, it was suggested that the con- 
dition was probably acquired. Multiple emphysema- 
tous blebs were present on the surface of both lungs 
and cyst-like structures were found also in the lung 
substance 

Following their case report the authors give a brief 
résumé of the pathogenesis and morbid anatomy 
of the condition. The cysts are of two types: fluid 
cysts and air cysts, the latter being either expansile or 
non-expansile. The clinical diagnosis is almost wholly 
dependent upon roentgenology. Among procedures 
which may be of help in making the diagnosis are 
lung mapping with lipiodol and induced pneumothorax. 
The latter, by pushing the cyst away from the chest 
wall, may make possible a differentiation from a 
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spontaneous pneumothorax. The fluid offer 
much more difficulty from a diagnostic standpoint 
than the air cysts. When a fluid cyst has ruptured 
into a bronchus the patient often gives a history of 
spitting up milky or albuminous fluid 

Treatment is dependent upon the 
location, and type of cysts, the presence or absence of 
infection, and the severity of the symptoms. The 
authors mention various procedures that have been 
suggested but add that, if enough lung units are 
destroyed, there is no surgical or medical procedure 
that will do any good 


cysts 


size, number, 


J. A. L. McCuttoucu, M.D 


Posturing in Bronchography. F. D. Hart. Brit 
M. J. 2: 7-8, July 4, 1942. 

The author in opening his article makes the pointed 
statement that roentgenograms following bronchog- 
raphy are too often useless on account of the unfilled 
areas present. He sets forth the principle that the 
normal as well as the abnormal areas should be demon- 
strated. 

The cricothyroid injection method is described but 
this is considered optional. The essential feature is to 
demonstrate each lobe of both lungs. With the two- 
stage method 16 c.c. of oil are used in each lung, the 
interval between the two sides being seven to ten days 
When the one-stage method is used less oil is necessary 
The difficulty incurred here lies in the necessity of dem- 
onstrating all of the regions before the oil becomes too 
viscid. The various postural maneuvers essential for 
complete distribution of lipiodol in the bronchi are 


described. Q. B. Coray, M.D. 


Angiocardiographic Demonstration of an Arterio- 


venous Fistula. M. F. Steinberg, A. Grishman, and 
M.L.Sussman. Surg., Gynec. & Obst. 75: 93-96, July 
1942 

The authors present a case with typical clinical evi- 
dence of arteriovenous fistula in the left upper thorax or 
axilla. By the angiocardiographic technic, consisting in 
the injection of 30 c.c. of 70 per cent diodrast into an 
antecubital vein, followed by serial roentgen exposures, 
the site and extent of the fistula were demonstrated 

The first series of roentgenograms, made following the 
injection of the left antecubital vein, showed an en- 
larged left axillary vein which, after emptying, filled 
again when the dye returned from the heart. Interlac- 
ing vascular channels about the head of the humerus 
were demonstrated. The simultaneous demonstration 
of both the axillary vein and artery indicated that 
the fistulous opening must be at or above their origins, 
presumably in the third portion of the subclavian ar- 
tery. Revisualization of the vessels in the left axilla 
after a similar injection into the antecubital vein on the 
uninvolved side was in accord with this location, which 
was confirmed at operation. 

Double ligation of the left axillary artery and vein 
failed to change the clinical picture and it was not until 
ligation of the left subclavian artery that the symptoms 
disappeared. Subsequent gangrene of the left wrist and 
hand necessitated partial amputation. 

Angiocardiography is recommended as a simple, ef- 
fective procedure for the precise localization of arterio- 
venous fistulas involving large vessels near the heart. 

Ivan J. Mritver, M.D. 
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A Clinical Roentgenological Review of the Litera- 
ture for 1941, Pertaining to the Digestive Tract. M. 
Feldman. Am. J. Digest. Dis. 9: 211-220, July 1942. 

The author's introductory note indicates the nature 
and scope of this review. 

“A review of the available 1941 literature with a 
brief appraisal of what is valuable pertaining to the 
clinical roentgenological aspects of the digestive tract 
is summarized. It is an almost impossible task to re- 
view every medical periodical that has been published 
during the year; however, nearly all of the outstanding 
contributions in the important journals were reviewed 
and the major advances are herewith recorded.” 

One hundred and sixty-six contributions are covered 
and are listed in the bibliography. 


Note on the Mechanism of Deglutition. A. R 
Thomas. Brit. J. Radiol. 15: 209-210, July 1942 

A patient was discovered who possessed the enter- 
taining talent of swallowing while standing on his head, 
a talent which he was accustomed to use to obtain free 
drinks. He obligingly drank some barium while in- 
verted and permitted studies of his swallowing function 
in this position. The appearance was identical with 
that presented when the patient was right side up. Ap- 
parently, then, gravity was of little importance. The 
absence of peristalsis was conspicuous. This leads the 
observer to suspect that the suction theory of Barclay 
and Mukherji is possibly of fundamental importance in 
deglutition SypNeEyY J. Haw.ey, M.D. 


Rectal Malignant Tumor in Childhood: Report of 


D. Wolfe, and R. A. 
64: 70-79, July 


H. E. Bacon, F. 
Am. J. Dis. Child. 


Two Cases. 
Archambault. 
1942. 

The cases of two boys, each with a malignant tumor 
of the rectum, are reported. 

The first patient, aged 3 years 8 months, had a large 
reticulum-cell sarcoma which produced constipation and 
urinary obstruction. This patient died with local recur- 
rence and pulmonary metastases nineteen months after 
operation and local irradiation. 

The second patient, aged 4 years 7 months, had a 
small polypoid adenocarcinoma which caused bleeding 
and protrusion. This patient is living and clinically 
free of neoplastic disease five years after surgical re 
moval of the tumor. 

A few authentic cases of malignant tumor of the anus, 
rectum, or sigmoid colon occurring before the age of 
seventeen have been recorded. Malignant tumor in 
childhood, as proved by these cases and the 2 reported 
It should always be suspected 

GeorGE M. Wyatt, M.D. 


here, is not rare 


THE PANCREAS 


Case of Progressive Calcification of the Pancreas 
Secondary to Chronic Relapsing Pancreatitis. H. C. 
R. Darling. M. J. Australia 2: 7-8, July 4, 1942. 

A single woman of thirty-nine years had 
mittent attacks of upper abdominal pain over a period 
of ten years. The attacks lasted two to four weeks 
and occurred every six to twelve months. An ap 
pendectomy was performed in March 1932, but in 
July 1932 the pain recurred. There were tenderness 
and rigidity of the upper right rectus muscle, and an 


inter 
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indefinite mass could be felt deep in this area X-ray 
examination of the upper gastro-intestinal tract was 
negative except for some evidences of duodenal jr. 
ritability 

The symptoms again returned in January 1933, and 
a roentgenogram now showed scattered calcified areas 
in the pancreas. An exploratory laparotomy revealed 
a diffuse induration and enlargement of the pancreas 
The gallbladder was normal. An x-ray examination 
in August 1933 showed more and larger calcifications 
in the pancreas, and the attacks continued during the 
next seven years. In February 1942 the patient was 
again examined and slight rigidity of the upper right 
rectus muscle was noted with deep tenderness above 
and to the right of the umbilicus Cholecystography 
revealed a satisfactory function of the gallbladder 
No mention is made of x-ray examination of the 
pancreas at this time DONALD R. Lartnc, M.D 


SUBPHRENIC ABSCESS 


Subphrenic Abscess with Bronchial Fistula. ] 
Head and T. R. Hudson. Surg., Gynec. & Obst. 75: 
54-60, July 1942. 

Hepatic, perinephritic, and subdiaphragmatic ab- 
scesses frequently perforatethe diaphragm andareevacu- 
ated through the bronchi A few patients are cured 
by such spontaneous drainage; others succumb to 
pulmonary or pleural infection; in still others the con 
dition becomes chronic and the patient is left with a 
persistent or intermittent productive cough 

A pathological paradox exists in this condition, in 
that, while collections of pus in the upper abdomen fre- 
quently burrow upward through the diaphragm, similar 
collections in the thorax rarely extend down into the 
abdomen. Thoracic symptoms are often the first mani- 
festation of disease actually originating in the upper 
abdomen 

The clinical picture of perforation of a subdiaphrag- 
matic abscess is furnished by a patient with signs and 
symptoms of encapsulated pus suddenly coughing up or 
expectorating a large quantity of pus. If he survives 
sudden death from drowning in his own pus or from 
acute bronchopneumonia, he is benefited by evacuation 
of the pus. Spontaneous cure is rare. If the sinus tract 
becomes occluded, symptoms recur 

The authors believe the roentgenogram is next to the 
history in diagnostic importance. The most character- 
istic roentgen finding is elevation of the diaphragm with 
Neither is invariably 
Empy- 


air and a fluid level beneath it 
present. Findings in the thorax vary greatly. 
ema may be produced, as well as bronchial fistula. In 
acute cases there may be extensive bronchopneumonia 
of the lower lobe on the affected side; in chronic cases, 
chronic ‘‘pneumonitis’’ may be present in one or both 
lungs. Occasionally, pulmonary and pleural findings 
are almost entirely absent, in which event bronchog- 
raphy must be used to rule out bronchiectasis when 
marked bronchorrhea is present. The importance of 
serial roentgenograms is stressed. 

Roentgenograms taken in the upright position after 
diagnostic pneumoperitoneum are of great value im 
diagnosis. If subphrenic abscess is present, the smooth 
under surface of the diaphragm on the affected side will 
not be demonstrable. The procedure is deemed safe. 

Exploratory aspiration of the acute unperforated 


subphrenic abscess is dangerous. The chance of soiling 
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the pleura, with resulting empyema, is great. In the 
chronic abscess that has perforated and in which the 
pleura is adherent, aspiration can be done safely. 

Other writers are quoted concerning prognosis. 


The 


presence of thoracic complications increases the mor- 
tality rate to 50 per cent as compared with 16 per cent in 


uncomplicated cases. 

The treatment of subphrenic abscess with bronchial 
fstula is the same as that of uncomplicated cases, 
namely, incision and drainage. Three cases are pre- 
IvAN J. MILLER, M.D. 


sented 


THE SPLEEN 


Report of Case. H. A. Reis- 
Arch. Pediat. 59: 446-457, July 


Gaucher’s Disease: 
man and D. W. Utz. 
1942 

Since the original description of Gaucher’s disease in 
1882, approximately 160 cases have appeared in the 
literature. Gaucher characterized it as a ‘‘primary idio- 
pathic hypertrophy of the spleen’; in 1907 Marchand 
advanced the theory that a foreign material deposited 
in the reticular cells of the reticulo-endothelial system 
constituted the etiologic basis for the disease; Mandel- 
baum and Downey, in 1916, concluded that it repre- 
sented a disturbance in lipoid metabolism, and further 
Jemonstrated the evolution of the Gaucher cell from 
the reticular cell of the reticulo-endothelial system. In 
1924 Epstein (Biochem. Ztschr. 145: 398, 1924) and Lieb 
Ztschr. f. physiol. Chem. 140: 305, 1924) found that 
hemically the substance present in the Gaucher celis 
isa cerebroside called kerasin 

The classic description of the disease emphasizes as 
the most constant findings splenomegaly, secondary 
anemia, and leukopenia. The liver is frequently en- 
larged and the superficial lymph nodes may be increased 
insize. A wedge-shaped thickening of the conjunctiva 
and brownish pigmentation of the skin may occur. 
Some cases manifest a hemorrhagic diathesis. Osteo 
porotic changes in the skeleton may be in evidence. 
The differential count of the white blood cells shows 
nothing distinctive; the blood lipoids do not vary 
greatly from the normal. 

The disease shows a distinct predilection for Jewish 
females in the first decade of life. In differential diag 
nosis Niemann-Pick disease offers the greatest difficulty 

The authors report a case, showing one reproduction 
fan x-ray film, an anteroposterior view of the lumbo 
dorsal spine, indicating compression of a vertebra 
Radiographic studies of the skull and long bones were 
im this case essentially negative. No Gaucher cells were 
obtained by sternal aspiration, but splenic puncture 
yielded large cells with double nuclei and foamy cyto- 
plasm, highly suggestive of Gaucher’s disease. Diag- 
nosis was established pathologically after splenectomy 

Percy J. DELANo, M.D. 


THE SKELETAL SYSTEM 


Study of Osteoporosis by Means of Controlled X- 
Rays of the Bones: PartI. E.L. Gardner. Minne 
sta Med. 25: 557-558, July 1942. Part II. R.S 
Yivisaker and E. L. Gardner. Minnesota Med. 25: 
25-128, August 1942 , 

In 1933 Gardner called attention to a group of pa 
ents with gastro-intestinal complaints who had a def- 


ABSTRACTS OF CURRENT LITERATURE 211 


inite osteoporosis of the bones (hand and wrist), when 
compared with normal subjects of the same sex who 
were used as controls (Minnesota Med. 16:698, 1933). 
Because the same normal controls were not always 
available for comparison, however, he has now worked 
out a new method, as follows. 

Normal subjects in perfect health and free from all 
abnormal symptoms have been filmed, using a series of 
exposures which differ from one another by that ex- 
posure necessary to penetrate 0.5 mm. of aluminum 
The exposures are measured by means of an aluminum 
ladder placed on the cassette. This scale varies in 
thickness from 2.0 to 5.0mm. The exposures are there- 
fore equivalent to penetrations of 2.0, 2.5, 3.0, 3.5, 4.0, 
4.5, and 5.0 mm. of aluminum, respectively 

When the unknown patient reports for examination, 
the hand and wrist along with the aluminum scale are 
filmed. For purposes of interpretation the scale on the 
unknown film is compared with the scale on the control 
film so that the two scales match perfectly in density. 
This records the difference in density of the bones be- 
tween the control and the patient, thereby giving def- 
inite information as to the presence of osteoporosis. 

Gardner concludes that in the section of Minnesota 
covered by his report, people who do not use dairy prod- 
ucts in the diet very frequently show osteoporosis; this 
is especially true when the water is ‘‘soft,’’ and free 
from calcium, or when so-called ‘‘alkali water’’ contain- 
ing excess magnesium is used 

The second part of this study is a statistical analysis 
of 207 consecutive cases which were studied as described 
above—58 in males and 149 in females. Females 
showed greater tendency toward increasing osteoporo- 
sis with advancing age than did males, though this dif- 
ference was not considered great enough to constitute a 
There appeared to be a lower inci- 
osteo- 


confusing factor 
dence of osteoporosis among manual workers; 
porosis seems more a disorder of ‘‘white-collar’’ workers 
No relationship could be discovered between gastric 
acidity and osteoporosis; previous pregnancies seemed 
to constitute no appreciable factor. There was a rela- 
tionship between dental decay and osteoporosis. The 
“best’’ group was that with adequate calcium intake 
and normal bowel function; the ‘‘worst’’ group, that 
with deficient calcium intake and intestinal hypermo- 
tility. 

The authors conclude with the statement that their 
study shows a definite positive correlation between 
osteoporosis and age, condition of the teeth, calcium in- 
take, and intestinal hypermotility; no correlation was 
found between osteoporosis and sex, civil state, gastric 


acidity, or pregnancy. Percy J. DELANO, M.D. 


Melorheostosis: Report on a Case with a Review 
of the Literature. E. L. Franklin and I. Matheson. 
Brit. J. Radiol. 15: 185-191, July 1942 

Melorheostosis is a rare bone disease characterized by 
hyperostosis of one aspect of the bones of one extremity. 
It is slightly more common in males. The etiology is 
unknown. The symptoms are vague, usually consisting 
of pain in the involved limb. The diagnosis rests upon 
the roentgenological appearance. 

The x-ray appearance is that of increased density of 
one aspect of the bone, usually encroaching upon the 
marrow cavity more than the periosteal side of the bone. 
The thickening may resemble osteoma, but usually pre- 
sents a melted wax-like appearance. There may be cal- 
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careous deposits in the soft tissues adjacent to the joints. 
A case of this disease in a woman of forty-one is re- 
ported in detail. In this case there was involvement of 
almost all the bones on the right side of the body. 
SYDNEY J. HAwLey, M.D. 


Diagnosis of Intervertebral Disc Prolapse and Re- 
lated States. W. Bartschi-Rochaix. Schweiz. med 
Wehnschr. 72: 729-736, July 4, 1942. 

Since intervertebral disc protrusion leads to no symp- 
toms absolutely pathognomonic, a synopsis of the find- 
ings on history, neurological examination, orthopedic 
examination, and roentgen examination is correlated 
for this condition and allied states. The evaluation of 
these facts is summarized in a table, as follows: 

Or UNCERTAIN VALUE 
History 
Sciatica 
Lumbago 
Damage to sphincters or potency 
Pain on motion 
Pain on sitting or rising 
Pain on load 
Relief of pain by rest 
Recurrence of pain on reactivation 


Neurologic examination 


Laségue and Bragard + 
Sciatic trigger point 
Radicular hyperesthesia 
Spasm of lumbar muscles 
Damaged tendon reflexes 
Damaged sphincter control 


Orthopedic symptoms 
Sensitiveness of spinous processes to percussion or 
pressure 
Rigidity of lumbar gutter 
Absence of lumbar lordosis 
Lumbar kyphosis or scoliosis 
Pain on forward bending 
Pain on rotation 
Reversed Laségue sign 


Roentgen signs 
Thinned intervertebral disc 
Anteroposterior dislocation 

Or SUGGESTIVE VALUE 

History 
Trauma to back, direct or indirect 
Protracted physiotherapy valueless 
Intermittency 
Lumbago plus sciatica 
Paresthesia or pain in the calf, in the back of the 

thigh, in the lumbosacral joint 

Pain on coughing or sneezing 
Pain in limbs on movement of back 
Pain in limbs on bending head 


Neurologic examination 
Atrophies, pareses 
Radicular hypesthesias 
Xanthochromic spinal fluid 
Reversed Queckenstedt + 
Limb pain on head and back motion 
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Limb pain during Queckenstedt test 
Unusual pain on lumbar puncture over site 


Roentgen signs 
Marked disc narrowing on the side of the symp- 
toms 
Typical configuration on myeloscopy and myelog- 
raphy in A-P, lateral, and oblique planes 
CONCLUSIVE 
Roentgen signs, conclusive in 93 per cent (Hampton) 
The use of these points in reaching a diagnosis js jj 
lustrated by six typical and six atypical cases 
Lewis G. Jacoss, M.D. 


Persistent Olecranon Epiphyses in Adults. 
O’Donoghue and L. S. Sell. J. 
24: 677-680, July 1942. 

Persistence of the olecranon epiphysis into the 
adult state is uncommon and previously unrecorded 
in the American literature. It must be differentiated 
from epiphyseal separation and from a true patella 
cubiti 

This report deals with a 31-year-old patient who had 
injured the right elbow. In the course of the x-ray 
studies an open epiphyseal plate was found, and 
studies of the opposite arm showed persistence of the 
epiphyseal line at the olecranon. The injured elbow 
was opened and the separated surfaces shown to be 
covered with cartilage. Apposition was obtained and 
position held by a screw. Good function resulted 

Reproductions of roentgenograms of both elbows 
are presented showing the anomaly 

Joun B. McAneny, M.D 


D. H 
Bone & Joint Surg 


Anterior Dislocation of the Distal Extremity of the 
Ulna; Report of a Case. F. J. Cox. Surgery 12: 
41-45, July 1942 

Anterior dislocation of the distal extremity of the 
ulna is a rare lesion. A report of one case is given 

A colored female, aged thirty-seven, was riding in 
a car which turned over. The car came down on the 
flexor surface of the forearm, which was strained and 
twisted in disengagement; there were immediate pain 
and swelling of the wrist and it was impossible to use it 
without increasing the local pain. Roentgen studies 
were reported negative, and the patient was sent home 
Three weeks later she returned to the hospital complain- 
ing of persistent throbbing pain in the right wrist which 
became worse with any attempt at motion. The pam 
was referred to the volar aspect of the wrist and local 
swelling was most marked on the volar surface. Point 
tenderness was localized over the distal radio-ulnar 
joint. The original roentgenogram was reviewed and 
found to show an anterior dislocation of the ulna with a 
fracture of the styloid process. 

An open reduction was done, the distal extremity of 
the ulna was found lying upon the anterior aspect of the 
radius and displaced about 1 cm. toward the radial side 
of the wrist; this displacement was firmly fixed by the 
contracted pronator quadratus muscle. The capsule 
having been incised to expose the radio-ulnar joint, 4 
periosteal elevator was inserted as a lever to reduce 
the dislocation. This could be accomplished only after 
releasing the origin of the pronator quadratus muscle 
from the lower inch and a half of ulna. The results 
were quite satisfactory. 
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Probably anterior dislocation of the ulna is always 
associated with either a fracture of the ulnar styloid or a 
tear of the triangular ligament at its point of insertion 
into the styloid process. When the patient is seen early, 
before spasmodic contracture of the pronator quad- 
ratus muscle has occurred, reduction of the anterior dis- 
location of the ulna should be easily accomplished. 
Where the dislocation has been allowed to remain for a 
period of time sufficient to permit cellular infiltration and 
fbrosis within the substance of the pronator quadratus 
muscle, open reduction becomes necessary. 

J. E. WurIrec_eaTHer, M.D. 


Gross Pathologic Anatomy of the Unusual Shoulder 
Specimens in Two Human Cadavers, with Some Re- 
marks Relative to the Surgical Significance of These 
Findings. T. Horwitz. Surgery 12: 46-63, July 1942. 

(1) Unreduced Anterior Subclavicular Dislocation of 
the Head of the Humerus of Two Years’ Duration: A 
specimen was obtained from the cadaver of a white fe- 
male, aged 69 years, whose death had been due to a 
malignant lesion of the large intestine with metastases. 
Two years prior to her death, she had sustained a trau- 
matic dislocation of the right shoulder joint that had re- 
mained uncorrected after several attempts at closed 
reduction had failed. The shoulder could be abducted, 
internally and externally rotated, and extended 45 de- 
gees. Most of the muscles were well developed and in 
normal arrangement except for the combined tendons of 
the supraspinatus, infraspinatus, and teres minor mus- 
des (the musculotendinous cuff), which overlay and 
terminated in the soft tissues filling the old glenoid cav- 
the 


ty, having become completely detached from 
The axillary vessels and brachial 
nerve plexus were deflected medialward and were an- 
gated over the medial aspect of the humeral head. 
These structures were not visibly flattened or com- 


greater tubercle. 


pressed and appeared normal. The dislocated humeral 
head lay in a position anterior to the scapula, medial to 
the coracoid process, and beneath the middle third of 
the clavicle. The head of the humerus was covered by 
athick capsule which was inseparable from the over- 
ying muscles. The new joint cavity was completely 
dosed and had no connection with the glenoid cavity 
The humeral head was about two-thirds covered with 
thin, irregular, degenerated cartilage; the other third 
was completely denuded. The head was considerably 
fattened in its posterolateral portion, and this region of 
he head articulated with a depressed area on the 
aterior surface of the scapular neck. There were no 
tendinous attachments to the greater tubercle. 

The glenoid cavity was shallow and diminished in its 
atero-posterior dimensions; the anterior lip was frac- 
tured and displaced; the cavity itself was filled with 
“ft tissue and the terminal portion of the musculoten- 
dinous cuff. 

Specimens of anterior dislocation of the humeral head 
lave been described before. The features stressed by 
thers and demonstrated in the case here recorded are 
the flattened posterior portion of the enlarged head 
rhich articulates with the scapula and the inferior sur- 
ace of the coracoid process; the formation of a new 
senoid fossa” on the anterior surface of the neck of 
Me scapula; the new capsule enveloping the head, that 
‘formed, in part, from the deep surface of the Sub- 
<apularis muscle, and that is reinforced, posteriorly, by 
‘ae tendons of the short rotator muscles; the occasional 
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ossified bodies within the tendons of the subscapularis 
and infraspinatus muscles; the displaced tendon of the 
long head of the biceps muscle. 

(2) Advanced Degenerative Disease of the Shoulder 
Joint: Two shoulder specimens obtained from a colored 
woman who died at the age of 77 from bronchopneu- 
monia are interesting because they represent the most 
advanced stage of the degenerative processes that may 
involve the articulation. The character of the lesions 
indicates that function may be preserved in the presence 
of advanced degenerative joint disease, and the ossified 
plaques in the deltoid muscle, bilaterally, which served 
as part of the receptive articular surface for the humeral 
head, represent bony metaplasia in the muscle. 

The humeral head, which had eroded completely 
through the superior portion of the musculotendinous 
cuff, articulated not only with the glenoid fossa but also 
with broad facets, formed by considerable bony pro- 
liferation, on the deep surface of the acromial end of the 
clavicle and on the deep surface of the acromion process, 
as well as with a bony plaque within the substance of 
the thinned deltoid muscle at its origin. These four 
bony surfaces presented a smooth, continuous articular 
surface for the reception of the humeral head. The 
cartilage of the glenoid cavity was fibrillated and thinned 
and was absent in the center of the fossa, with exposure 
of the underlying bone. The glenoidal labrum was ab- 
sent and replaced by marginal bony proliferation, es- 
pecially anteriorly and posteriorly. The outer half of 
the humeral! head was flat; there was considerable bony 
proliferation along the articular margin of the humeral 
head. 

The synovia was thickened and villus and nodule 
formations were present. The closely surrounding mus- 
cles were thin, frayed, and flattened. There were various 
ossified plaques, formed by metaplasia in the deltoid 
muscle, which contributed to the formation of a recep- 
tive articular surface for the degenerated humeral head 
The shadow of these areas of ossification could be mis- 
interpreted, roentgenographically, for calcifications 
within the musculotendinous cuff or paratendinous soft 
tissues of the shoulder region 


J.E 


WHITELEATHER, M.D. 


Adamantinoma of the Tibia: Report of Two New 
Cases. M. B. Dockerty and H. W. Meyerding 
J. A. M. A. 119: 932-937, July 18, 1942 

Adamantinomas arise from cells which under certain 
circumstances lay down enamel but which may or may 
not doso. Enamel has not been found in the tibial tu- 
mors which have been reported. The authors believe 
that these neoplasms arise from squamous cells which 
have dedifferentiated into modified ameloblasts. The 
prodigious capacity of cells to dedifferentiate is seen in 
the many examples of epidermoid carcinomas occurring 
in sites like the lung and gallbladder, where squamous 
epithelium does not normally exist. 

The part played by trauma in the production of these 
tumors is difficult to evaluate. The anatomic location 
would favor a traumatic causation. Whether injuries 
to the tibia “implant’’ epithelial cells into the perios 
teum of the underlying -bone and, if they do so, what 
type of “‘thwarted repair’ (Ryrie: Brit. M. J. 2: 1000, 


-1932) process might give rise to tibial adamantinomas 


are matters which still are lacking in actual demonstra 


tion. It is interesting, however, that where nature pro- 
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vides such a possibility, par excellence, these tumors make 
their appearance to the exclusion of other situations. 

Of particular interest in one of the authors’ cases was 
the unusual and unexpected extent of the tumor. This 
observation has been made by others and undoubtedly 
accounts for the high ‘‘recurrence’’ rates observed fol- 
lowing even such semiradical operative procedures as 
excision with bone grafting. In both the authors’ cases 
the disease had existed over a long period. Trauma ap- 
peared a probable etiologic factor in one case and a pos- 
sible factor in the other. In one case the lesion was so 
extensive as to require amputation. The microscopic 
picture of this case is recorded in detail because in its 
variability of cellular architecture it afforded connect- 
ing links between the seemingly different ‘‘varieties”’ 
of adamantinoma recorded in the literature. 

The same degree of osteitis fibrosa present in both 
cases is of unusual interest. Just why this localized 
bony rarefaction should occur is not known. It may 
have been due to a nutritional change resulting from cir- 
culatory obstruction by the tumor. 

Fifteen cases of adamantinoma of the tibia have pre- 
viously been reported in the literature. 

CLARENCE E. WEAVER, M.D. 


Development of Sarcoma in Myositis Ossificans: 
Report of Three Cases. G.T. Pack, and R. R. Braund. 


J. A. M. A. 119: 776-779, July 4, 1942. 

Myositis ossificans has been described as a deposition 
of bone in muscles or about their insertions and as a 
low-grade inflammatory process characterized by the 


formation of bone within or in contact with muscle. 
The lesion involves primarily the fascial connective tis- 
sue, any muscular changes being secondary and degener- 
ative. The lesion may occur as myositis ossificans con- 
scripta, due to repeated slight injuries or irritations in 
multiple or single areas. A localized form may occur in a 
single muscle without any history of trauma or other 
causative factor. Myositis ossificans progressiva usually 
begins in the muscles along the spine and gradually 
spreads until it involves all the muscles of the body. 

It is generally agreed that the plates of bone in these 
lesions arise from the connective tissue through an in- 
termediary cartilaginous stage. Muscles about the el- 
bow joint and the adductors of the thigh are the most 
frequently involved. Barr believes that myositis ossi- 
ficans progressiva results from a true metaplasia of con- 
nective tissue to bone. In this form of the disease there 
are associated defective anatomic and physiologic form- 
ations, mostly involving the fingers and toes. 

Shipley (Arch. Surg. 41: 516, 1940) found 4 cases re- 
corded of the development of osteogenic sarcoma in 
pre-existing myositis ossificans traumatica. To these 
the authors add 2 cases in which osteogenic sarcoma 
developed in pre-existing myositis ossificans circum- 
scripta and a third case in which myositis ossificans 
progressiva was associated with a sarcoma developing 
in the muscles of the back. 

Two of these patients had myositis ossificans in the 
upper portion of the thigh. One had a history of injury, 
the other did not. One died with metastases in the 
lungs, the other with metastases in the lungs and cere- 
brum. Both received high-voltage roentgen and radium 
therapy. Both were male adults, aged thirty-six years 
and twenty-seven years, respectively. The third 
patient was a boy aged seven years, with typical physi- 
cal and roentgen findings of myositis ossificans progres- 
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siva. A malignant tumor infiltrating the right trapezius 
and rhomboid muscles was present. A biopsy was taken 
and reported as malignant tumor, probably myxolipo- 
sarcoma. Complete regression of the tumor and en. 
larged lymph nodes in the neck followed two courses of 
high-voltage roentgen therapy. 

The three case histories are given in detail and there 
are numerous illustrations and roentgenograms illys. 
trating the clinical and pathologic features of the disease 
in these interesting cases. 

CLARENCE E. WEaveER, M_D. 


Diagnosis of Multiple Myeloma by Sternal Aspira- 
tion. L. H. Beizer, B. E. Hall, and H. Z. Giffin 
Am. J. M. Sc. 203: 829-836, June 1942 

According to Ewing the term myeloma designates 
tumors of the specific bone marrow cells, including the 
lymphocyte, granular leukocyte, and the red cell 
series; it is not applicable to tumors arising from fat 
tissue or blood vessels or to those derived from in- 
different endothelial cells. Four types of myeloma 
have been reported; the plasma-cell type, the myelo- 
cytoma, the lymphocytoma, and the erythroblastoma, 
These differ only in the cytologic composition of the 
tumor and not in the gross appearance or the clinical 
course 

The identification of the cell type depended for many 
years on histologic sections. Since the advent of 
sternal aspiration, the cells have been classified accord- 
ing to their appearance in stained dry smear prepa- 
rations. Although most of the tumors studied in this 
way have been classified as of the plasma-cell type, 
the matter has been complicated by the fact that 
recognition of the typical plasma 
Nor is there any agreement on the 


criteria for the 
cell vary widely 
origin of these cells 

The manifestations of the disease often focus at- 
tention away from the underlying cause rather than 
toward it. Geschickter and Copeland gave six cardinal 
clinical signs of multiple myeloma, two or more of 
which are usually present. These are (1) multiple 
involvement of the skeletal trunk in an adult, (2 
pathologic fracture of a rib, (3) the excretion of Bence- 
Jones bodies, (4) characteristic backache with signs 
of early paraplegia, (5) anemia, and (6) chronic nephri- 
tis with nitrogen retention, low blood pressure, and 
high serum proteins. Other important features which 
are often noted are (1) hyperproteinemia with reversal 
of the albumin-globulin ratio, (2) hypercalcemia with 
normal or high serum phosphorus, (3) evidence of 
autohemagglutination in the counting chamber, on 
blood smears, or in the small vessels of the fundus, 
in which the blood has a cayenne pepper appearance 
when seen through the ophthalmoscope while pressure 
is being placed on the eyeball; (4) the occurrence of 
an anticomplementary reaction when a complement: 
fixation test is carried out. ; 

The conditions with which multiple myeloma 1S 
most often confused are metastatic skeletal lesions, 
hyperparathyroidism, spondylitis, nephritis, and leuko- 
penic leukemia. While biopsy is often undesirable, 
sternal aspiration, because of its simplicity, 1s rarely 
contraindicated. Without its use a definite diagnosis 
is often impossible during the life of the patient. 

Ten cases of multiple myeloma were studied within 
a period of two years. In each the examination of 
the sternal marrow was done because the condition 
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was in some way atypical. Only one patient did not 
have anemia. Autohemagglutination was present 
in 7 cases, a leukemoid reaction was found in 4, and in 
9 myeloma cells were seen in the peripheral blood. 
in 6 of the 7 cases in which the total serum proteins 
were determined a hyperproteinemia was found; in 
these cases the albumin-globulin ratio was reversed 
Bence-Jones proteins were present in the urine in 6 
cases. The sedimentation rate was elevated in all. 

In 7 of the 10 patients roentgenologic changes were 
recognized, but in only 2 were they considered as 
typical. In one case generalized osteoporosis and 


pathologic fracture of one vertebra were found. In 
4 cases it was impossible for the roentgenologist to 
distinguish definitely between multiple myeloma and 


metastasis 

A modification of the Arinkin method was used in 
performing sternal aspirations. Smears were made 
and stained with Wright’s stain followed by Giemsa’s 
stain 

Plasma cells, morphologically identical with those 
ven in the peripheral blood, make up less than 1 per 
cent of the leukocytes obtained from normal persons; 
an increase is suggestive of multiple myeloma. The 
most characteristic and readily recognizable of the cells 
encountered were those with an abundant, definitely 
outlined, deeply basophilic cytoplasm, a round, ec- 
centrically placed nucleus of moderate size, having a 
fairly coarse chromatin sharply demarcated from the 
parachromatin, and a very large nucleolus. These 
cells, having a large nucleolus, designated myeloma 
cells, were present in 8 cases. They were not found 
in any other condition and were considered path- 
ognomonic. Variations from this description, in- 
volving all parts of the cell, were noted from case to 
case, Or even in the same case. In one case, the 
characteristic myeloma cells were not found, nor were 
the plasma cells increased in number. This indicates 
that the sternal marrow had not become involved, 
and that the absence of abnormal findings does not 
necessarily exclude the diagnosis. 

BENJAMIN COPLEMAN 


Eosinophilic Granuloma and Certain Other Reticulo- 
Endothelial Hyperplasias of Bone: Comparison of 
Clinical, Radiologic, and Pathologic Features. P. 
Gross and H. W. Jacox. Am. J. M. Sc. 203: 673-687 
May 1942 

The authors believe that eosinophilic granuloma of 
bone is identical with Hand-Christian disease and 
tated to the other reticulo-endothelial hyperplasias 
of bone such as Letterer-Siwe’s disease (non-lipoid 
teticulo-endotheliosis). 

The histologic descriptions of eosinophilic granuloma 
m the various reports have been uniform with the 
eieeption of minor details, such as the degree of 
phagocytic activity shown by the stromal cells and 
“ae Presence or absence of multinucleated giant cells, 
Mitotic figures, and areas of necrosis, scarring, or new 
tone formation. The explanation for these discrep- 
acies may lie in the fact that the biopsies represent 
different Stages of the granulomatous process. The 
tistologic picture re garded as characteristic of eosino- 
philic granuloma of bone is also found in Hand- 
Christian disease. Both conditions show destruction 
ad replacement of normal tissues by granulomatous 
‘sue in which endothelial cells predominate. The 
latter may contain lipoid. In 9 of the 84 cases of 
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Hand-Christian disease lipoid-containing cells were not 
found in the biopsy or autopsy material. Eosinophilia 
has been noted in both Hand-Christian disease and in 
eosinophilic granuloma. The presence of hyper- 
cholesterolemia has not been determined in eosinophilic 
granuloma, but has been, at times, associated with 
Hand-Christian disease. Because all of the cases 
have been cured, it has not been possible to determine 
if visceral changes occur in eosinophilic granuloma. 
However, reports of eosinophilia in a draining lymph 
node, in sternal marrow, and in the peripheral blood 
indicate that, in addition to the solitary bone lesion, 
there may be widespread and even systemic changes. 

The radiologic appearance of the bone defects in 
eosinophilic granuloma and Hand-Christian disease 
is similar except for the multiplicity in the latter. 
In either condition, the lesions may heal spontaneously 
or following irradiation. While there is no mortality 
in eosinophilic granuloma, there is a 30 per cent mortal- 
ity in Hand-Christian disease. 

Letterer-Siwe’s disease is a non-lipoid reticulo- 
endotheliosis which affects infants and children pre- 
dominantly, and is nearly always fatal. The lesions 
are identical with those of Hand-Christian disease 
radiographically; histologically, they are usually 
devoid of lipoid, but cases have been reported where 
small amounts of lipoid were present. Biopsies from 
lesions of Hand-Christian disease may show little or 
no lipoid. 

Histologically and radiographically, there may be 
little to differentiate a solitary xanthoma of bone from 
eosinophilic granuloma or the individual lesions of 
Hand-Christian disease or Letterer-Siwe disease. 

Our knowledge of the diseases involving the reticulo- 
endothelial proliferations, focal or general, is far from 
complete. There does not appear to be any distinctive 
pathologic or radiographic feature to justify their 
segregation into separate disease entities. The exist- 
ence of with features intermediate between 
Hand-Christian disease and Letterer-Siwe 
suggests that a sharp distinction between these con- 
ditions may not be valid. |[|A similar view is expressed 
by Green and Farber: J. Bone & Joint Surg. 24:499, 
1942. Abst. in Radiology 40:107, January 1943. | 

BENJAMIN COPLEMAN 


cases 


disease 


Mixed Tumors of the Spinal Canal. L. A. French 
and W. T. Peyton. Arch. Neurol. & Psychiat. 47: 
737-751, May 1942. 

The authors classify mixed tumors into three types: 
teratomas, which are composed of organs representing 
all three germ layers; dermoids, which contain meso- 
dermal and epithelial tissues; epidermoids, which 
contain tissues of epithelial origin but lack definite 
dermal structures. Three examples of mixed tumors 
of the spinal canal, presented in detail, form the basis 
of this article; two were teratomas while one was an 
epidermoid cyst. 

The roentgen appearance 
spinal canal is characteristic. While pressure erosion 
may occur with any benign intraspinal tumor, mixed 
tumors are characterized by a diffuse fusiform enlarge- 
ment of the spinal canal extending over several verte- 
brallevels. These tumors cause erosion of the posterior 
surfaces of the bodies of the vertebrae, thinning of 
the laminae, and narrowing of the pedicles, with re- 
sultant increase of the interpedicular distances. Be- 
cause no normal range for the interpedicular distances 


of mixed tumors of the 
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in children had been determined, the authors measured 
these distances for the lower thoracic and lumbar 
spine in 100 subjects up to ten years of age, and present 
their findings graphically. In order to determine 
whether a spinal canal is enlarged, its measurements 
must be compared with the normal range in the pa- 
tient’s age group. A canal that is larger than normal 
or in which the interpedicular distances are increased 
2 to 4 mm. in consecutive vertebrae shows evidence 
consistent with a diagnosis of mixed tumor. 

The paper is well illustrated and has a good bibli- 
ography. Corne.ius G. Dyke, M.D 


Hyperparathyroidism with Metastatic Deposits in 
the Kidneys. 
676, July 1942. 

Parathormone, which is quantitatively increased in 
hyperparathyroidism, serves to mobilize calcium from 


A. A. Werner. South, M. J. 35: 671 
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the bones, producing the typical osseous changes seen in 
osteitis fibrosa cystica. Many cases of this condition 
show deposits of calcium in various tissues and organs 
in the body. Renal calculi are not uncommon. 

A case is reported here of a 62-year-old female with 
symptoms of urinary frequency, pain, and burning of 
two years’ duration. Urological study demonstrated a 
large right renal concretion, which was removed. The 
patient returned five years later with a recurrence of her 
old symptoms. Large bilateral renal concretions were 
found. Roentgenograms of the skeleton showed dif. 
fuse decalcification of spine, pelvis, long bones, and 
skull, though the characteristic cysts of osteitis fibrosa 
cysticum were not made out. Autopsy revealed a tu. 
mor 4 X 2 cm. lodged behind the thyroid, proved his- 
tologically to be a parathyroid adenoma. Bibliography 
and illustrations are included. 

Max Mass, M.D 


RADIOTHERAPY 


MALIGNANT TUMORS 


Carcinoma of the Skin. R. L. Sutton, Jr. 
souri M. A. 39: 203-207, July 1942. 

Of a series of 1,500 specimens of tumors of the skin 
which were subjected to histologic scrutiny and statis- 
tical analysis, 560 were found to be basal-cell carcino- 
mas. Of these, 82 per cent occurred on the face, while 
the head and neck together were the site of 95.6 per 
cent. There was no sex predilection for this tumor. 
None occurred on the feet, digits, or genitals, or in the 
oral mucosal regions. Three-quarters of all lesions re- 
moved from the eyelids and upper lip were basal-cell 
carcinomas. An apparently significantly higher pro- 
portion of all lesions from the temple, ear, and hand 
were basal-cell carcinomas in males than in females, and 
an apparently significantly higher proportion of all le- 
sions from the forehead, upper lip, and trunk and ex- 
tremities were basal-cell carcinomas in females than in 
males. Tables are included showing the histologic diag- 
nosis of the 1,500 cutaneous lesions which were clin- 
ically thought to be neoplastic, and basal-cell carcinomas 
are further analyzed according to location, sex distri- 
bution, and sites of predilection. 


J. Mis- 


L. W. Paut, M.D 


Primary Carcinoma of the Lung. (Report of 115 
Cases, 38 Autopsies and 77 Bronchoscopic Biopsies.) 
J. A. Perrone and J. P. Levinson. Ann. Int. Med. 17: 
12-25, July 1942. 

Rosahn (Am. J. M. Sc. 179: 803, 1930) is quoted to 
the effect that definite criteria for diagnosis should be 
established to render valid any comparisons of the inci 
dence of carcinoma of the lung at different periods 
These criteria are as follows. (1) An autopsy must 
have been performed. (2) The carcinomatous nature 
of the lesion must have been verified microscopically 
(3) There must be no reasonable doubt that the neo 
plasm was a primary growth. (4) Percentage should 
be calculated on the basis of total adult necropsies 
Rosahn arbitrarily adopts twenty years as the lower 
age limit. 

The authors present a series of 115 primary carcino- 
mas of the lung, of which 38 came to autopsy. Seventy 
seven were diagnosed by means of a bronchoscopic bi- 
opsy. The following conclusions are reached: (a) 


There has been a relative and absolute increase in inci- 
dence. In the authors’ series primary lung cancer 
accounted for 13 per cent of the total number of carci- 
nomas. (b) Cough, dyspnea, hemoptysis, and pain are 
four cardinal symptoms of carcinoma of the lung. (c) 
Bronchoscopic examination is by far the most impor- 
tant diagnostic procedure available and should be done 
in all cases of persistent cough, whether dry or produc- 
tive. (d) Of 77 cases diagnosed by bronchoscopic ex- 
amination, only 3 were amenable to surgical treatment 
(e) Of 77 patients, 76 were dead within three to eighteen 
months from the time the diagnosis was made. (f 
Lobectomy or pneumonectomy in suitable cases is the 
treatment of choice 

In regard to the irradiation treatment of primary car- 
cinoma of the lung, the authors reported a limited num- 
ber of patients in this series to have been treated by 
such methods. The technical factors are not described 
No apparent benefit was obtained from deep roentgen 
therapy. In addition it tended to produce inflamma- 
tory reactions and to result in many systemic reactions, 
such as loss of appetite, nausea, and vomiting 

J. A. L. McCuttoucn, M.D 


BENIGN CONDITIONS 


How Shall We Treat Fibroids of the Uterus? Wm 
H. Vogt. J. Missouri M. A. 39: 207-209, July 1942 

Modern treatment of fibroids of the uterus may be 
expectant, surgical, or radiologic. Expectant treat- 
ment is limited to those tumors which are symptom- 
less, small in size, and so located as not to produce 
difficulty if operation later becomes necessary. The 
age of the patient also is important, since after the late 
thirties, small fibroids, even when multiple, do not m 
the majority of instances increase to any dangerous 
size. During the twenties and early thirties, these 
tumors usually do grow and are apt to attain large pro- 
portions which may require hysterectomy. In young 
women, therefore, it is advisable to remove small 
tumors by myomectomy even when they are producing 
no symptoms. The author believes that the large 
symptomless fibroids should always be treated sur- 
gically except when serious constitutional complications 
make surgical intervention too dangerous. The medical 
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treatment of fibroids can be dismissed with the state- 
ment that it is of no value other than for the purpose of 
putting the patient in the best possible condition for a 


future operation After the menopause, hysterectomy 
is the operation of choice except for pedunculated sub- 
mucous tumors, which should be removed by vaginal 
myomectomy on account of the danger of peritonitis 
from Sreptococcus infection. In the child-bearing age, 
myomectomy is the most satisfactory procedure if the 
case is properly selected. Hysterectomy in young 
women should never be done unless absolutely una- 
yidable. Abdominal operations are preferred for most 
patients, and by most operators, because they can be 
performed with better visualization. In the hands of 
experienced operators, however, vaginal hysterectomy 
may involve even less risk than the abdominal opera- 
tion 

The chief indication for the use of radium is the alle- 
yiation of bleeding, but not necessarily the disappear- 
ance of the tumor. One of the chief disadvantages of 
radiation treatment is that the rays are not specific for 
ox limited to the new growth and the function of the 
ovaries is definitely disturbed. Therefore, it should not 
be used in young women. Radium is contraindicated 
when the tumor is large, 12 cm. or more in diameter, 
or when it is pedunculated or submucous. It must not 
be used in rapidly growing tumors or those which are 
undergoing degeneration. The presence of infection in 
the pelvis, the existence of an accompanying pregnancy, 
the presence of other tumors, and pressure symptoms, all 
are contraindications to its use. A curettage should 
always be done first to determine the possible existence 
# a malignant lesion. The author prefers the intra- 
uterine application of radium to external application of 
roentgen rays L. W. Pau.t, M.D 


Radium Therapy for Vulvar Condylomas. S. L 
Wolters and H. Close Hesseltine. J. A. M. A. 119: 
874-877, July 11, 1942 

Until recently condyloma accuminatum or venereum 
was looked upon as probable evidence of a present or 
prior gonorrheal infection; hence the lay name 
venereal warts.’’ It is now acknowledged that any 
chronic persistent vulvovaginal discharge (venereal or 
non-venereal) may precede or be concomitant with 
these “warts.” 

Surgical excision may be associated with excessive 
and even serious loss of blood. Recurrences are fre- 
quent after surgical removal. Treatment with kerato- 
lytic agents is hazardous and unpredictable in its 
results. Schmitz records a series of 13 cases in which 
toentgen therapy was used, with recoveries in 11. It 
should be borne in mind that condylomas which de- 
velop during pregnancy at times vanish spontaneously 
after parturition. 

Ina series of 11 cases, 6 obstetric and 5 gynecologic, 
the authors used the topical application of radium as 
the sole means of treatment. The radium used was in 
two capsules of 50 mg. each and was contained in 0.5 
mm. platinum capsules and filtered through 1 mm. of 
aluminum. The radium in its container was placed 
drectly over the portions of the vulva affected and held 
m place with strips of adhesive and a perineal pad. 
When necessary, the radium was moved from one site 
“another for the estimated dose. Repeated applica- 
“ons were made in those instances in which the first 
weatment was insufficient. In one instance in which 
the lesions were confined to a small area, only 75 mg.- 


hr. of radium were necessary. In another case with ex- 
tensive involvement 450 mg.-hr. had to be used. This 
was divided into two applications one month apart 
The optimal dose seems to be about 100 mg.-hr. to an 
area of about 4 sq. cm. 

The retrogression or disappearance of the lesions 
should occur gradually and within a few weeks at most; 
if not, more radiation is indicated. The response is 
more directly related to the extent of the lesions than 
to the age of the condylomas. The method is simple 
and can be carried out in the physician's office in any 
community where radium is available. 

CLARENCE E. WEAVER, M.D 


Suppurative Parotitis. N.A. McCormick. Canad 
M. A. J. 47: 29-33, July 1942. 

Parotitis is a serious complication of surgery and re- 
quires immediate treatment. Rankin and Palmer in 
1930 showed that immediate use of radium over the in- 
fected gland materially reduced the incidence of sup- 
puration (Ann. Surg. 92: 1007, 1930). A large dose was 
not necessarily more effective than a medium-sized one 
They gave a maximum of four treatments, at eight-hour 
intervals and of eight hours’ duration: 200 mg. radium, 
1 mm. platinum filter, at 2.5 cm. skin distance. The 
maximum dose was 6,605 mg.-hr. The minimum dos- 
age was two applications each of 50 mg. for eight hours 
at eight-hour intervals, totaling 800 mg.-hr. There was 
no change in the first twenty-four to forty-eight hours 
following treatment, but after this the infection rapidly 
subsided. 

F. M. Hodges (Am. J. Roentgenol. 35: 145, 1936) 
wrote that most acute, subacute, and chronic cases re- 
sponded well to from three to five doses of 125 r, at 125 
kv., filtered by 4 to 6 mm. of aluminum. 

The series of 20 cases here reported was begun in 
1937. The treatment is considered as an emergency 
measure. The involved area is given 150 to 200 r 
measured in air, at 200 kv., 50 cm. skin target distance, 
and 0.5 mm. of copper and 3 mm. of aluminum filtration, 
or 1 mm. of copper and 4 mm. of aluminum, usually 
over an area 10 X 15 cm. If bilateral involvement is 
present, both sides are treated. If treated first in the 
morning, the patient is usually given a similar exposure 
late in the afternoon and 150 to 200 r each succeeding 
day until adequate improvement results. Cases seen 
sixteen or more hours after onset should also be 
treated, as they may subside satisfactorily. 

Surgical intervention should be delayed and, if 
necessary, should consist only of very simple incisions. 
Irradiation results in marked reduction of the morbidity 
and high mortality of this disease. 

M. L. Connetity, M.D 


Blood Cholesterol as an Indicator of the Therapeutic 
Response of Patients with Hyperthyroidism. A. 
Beutel. Strahlentherapie 69: 400-406, 1941. 

The author studied the cholesterol content of the 
blood in 50 patients with hyperthyroidism undergoing 
radiation therapy. He found that those whose blood 
cholesterol content was below normal responded 
quickly to radiation therapy. The cholesterol content 
increased rapidly, first exceeding and then slowly 
returning to normal. Those who had a high blood 
cholesterol before treatment responded more slowly. 

Ernst A. Posie, M.D., Px.D. 
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RADIATION REACTIONS 


Physical Diagnosis of Radium Poisoning. B. 
Rajewsky. Strahlentherapie 69: 438-502, 1941. 

The author briefly outlines the problems which are 
involved in the determination of radium deposits in 
the body of both the living and dead human being 
and describes in detail the measuring instruments and 
methods used in his institution. The determination 
of the radium emanation content of the expired air 
and of the urine and the feces, as well as of the radium 
content of the blood, is included. The various methods 
based on gamma-ray measurements are described, as 
is the estimation of the radium content of tissues by 
means of the emanation method and by the Geiger 
counter. Finally the author outlines rules which should 
be followed in order to prevent radium poisoning. 

Ernst A. Powe, M.D., Px.D. 


Cardiovascular System of American Roentgenologists 
Beyond the Age of Forty-five Years. W. Raab. Am. 
J. Roentgenol. 47: 555-562, April 1942. 

Questionnaires were sent to 737 roentgenologists of 
the United States and Canada over the age of forty- 
five, and 344 of these were returned with answers. 
The questions concerned blood pressure, presence of 
albumin in the urine, evidence of peripheral arterio- 
sclerosis, and cardiac symptoms, particularly those of 
coronary disease. The blood pressure level is the only 
one of these conditions which can be compared statisti- 
cally with a large group of normals. The average blood 
pressure levels of the 344 roentgenologists were slightly 
lower than the accepted normal in all age groups up to 
the sixty-fourth year, and considerably lower in the age 
ranges from sixty-five to seventy-four years. This 
agrees with the observations of Pfahler in 1921. 

Peripheral vascular disease and severe nephrosclerosis 
appeared to be relatively uncommon, although the data 
did not permit statistical evaluation. The incidence of 
coronary disease, both without and with thrombosis, 
was found to be high. The majority of these cases were 
in heavy smokers (63 per cent of the angina cases and 
62 per cent of the thrombosis cases), and the author con- 
siders this a possible factor which may have superseded 
any irradiation effects on the coronary arteries. Of the 
344 roentgenologists, 29 per cent were moderate and 38 
per cent heavy smokers. 

The reason for the low blood pressure levels in roent- 
genologists and the relatively low incidence of peripheral 
vascular disease is uncertain because of a variety of 
complicating factors. The hypothesis is advanced that 
“prolonged exposure of the entire body to minute 
roentgen doses may exert a certain protective effect 
against an exhausting and ultimately destructive over- 
activity of the suprarenal hormones and related sub- 
stances within the myocardial and arterial muscular 
tissues.”’ H. H. Wricurt, M.D. 


Management of X-Ray Reactions. N. S. Finzi 
Brit. J. Radiol. 15: 192-193, July 1942. 

Reactions following 1,000 kv. irradiation are sharper 
and drier and subside more quickly than those following 
200 kv. irradiation. For the same biological effect upon 
the skin, more roentgens are required at the higher volt- 
age, in the ratio of three to two. 


The erythema reaction is less severe when the skin is 
kept dry. Starch powder, calamine, zinc stearate, mag. 
nesium silicate, or combinations of these powders are 
satisfactory for this purpose. 

For vesication a calamine liniment with two grains of 
phenol per ounce is a good application. In very pain- 
ful cases 5 per cent benzocaine may be added. 

Acute ulceration may be treated by the application of 
5 per cent benzocaine in vaseline. The sulfonamides 
are sometimes useful. 

For chronic ulceration the application of the sulfona- 
mides, sulfathiazole, or flavine in paraffine or castor oil 
is satisfactory. Excision of the ulcer and grafting may 
be necessary. Ultraviolet light has been found up- 
satisfactory. 

Mucous membrane reactions occur earlier than skin 
reactions and subside more rapidly. Linseed tea or 
potassium chlorate lozenges may be helpful. Carbon- 
ated water may be more effective than plain water in 
dryness of the mouth and throat. 

For diarrhea, salol in 10-grain doses with meals may 
be helpful. It may be necessary to give some prepara- 
tion of opium, as Dover’s powder or paregoric. No 
satisfactory method of treatment for fenesmus has been 
found, except narcotics. 

Conjunctivitis may be treated by irrigations with 2 
per cent salt solution and the instillation of castor oil 
Corneal ulceration due to irradiation is best treated by 
sewing the lids closed. 

As the lungs are quite sensitive, pulmonary injury 
should be avoided by using tangential irradiation where 
possible. Respiratory infections should be avoided. 

Operation in previously heavily irradiated tissues 
should be advised with caution, as there is a certain 
amount of tissue devitalization. 

Nausea and vomiting may yield to 10-minim doses of 
adrenalin every hour, also chloretone in 15-grain doses. 
Nembutal may be useful. Large doses of vitamin C 
have been advised. Liver extract has not proved suc- 
cessful. SypNeEyY J. Haw ey, M.D. 


Treatment of Ulcers and Third Degree Reactions 
Following Radiation Therapy and Other Slowly Healing 


Wounds. H. Auler, W. Schilling, and C. Woite 
Strahlentherapie 69: 417-422, 1941 

The authors describe their method of treating late 
reactions and ulcers following irradiation. They frst 
rinse the wound with rivanol-sodium chloride solution 
and then apply a dressing soaked in sodium chloride 
solution, which is left in place for several hours The 
dressing is then removed, plasma is applied by means of 
a pipette to the ulcerated surface, and the wound Is 
left exposed until coagulation has occurred The 
surrounding tissue may be covered with cod-liver-oil 
ointment. The wound is then dressed again with 
gauze soaked in sodium chloride solution. This 
treatment may be repeated daily until the wound is 
A dressing is then applied which contains 
The authors have had 
procedure and append 


clean. 
some stimulating substance. 
excellent results with this 
several illustrative case histories. 

Ernst A. Ponte, M.D., Pa.D. 
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THE BETATRON 


A Twenty Million Electron-Volt Betatron or Induc- 
tion Accelerator. D. W. Kerst. Rev. Scientific 


Instruments 13: 387-394, September 1942. 
The induction accelerator is a machine for whirling 
negative electrons between magnets somewhat as the 


well known cyclotron whirls positive ions. It is to be 
looked upon as a transformer in which the high-tension 
gcondary current, instead of being constrained to 
un in a circular path around the magnetic core in an 
insulated wire, is held to travel in a circular path be- 
cause it consists of bare negative electrons moving in a 
strong magnetic field. 

The twenty million electron-volt betatron described 
here has actually been built and put in operation at 
the University of Illinois. The magnet weighs ap- 
proximately 31/2 tons and has to be made of laminated 
transformer steel, because it is actuated by an alternat- 
ing current, at 180 cycles per second. The pole pieces 
are 19 inches in diameter and between lies the vacuum 
chamber, which is 2 inches thick. Into this vacuum 
yessel projects an injector for the negative electrons 
which is something like an x-ray tube with a ring 
anode so that the cathode rays shoot right out the 
back of it tangentially to the circular orbit that the 
dectrons subsequently follow in the big vacuum 
chamber, The accelerating voltage is about 20 kilo- 
volts. The injection is made during a period of a few 
microseconds at the beginning of the alternating cur- 
rent wave in the big magnet. Because these electrons 
are moving in the magnetic field, they are constrained 
torunina circle. Because the magnetic field is on the 
increase, they are accelerated by the induced electro- 
motive force just as the current is made to flow in the 
windings of an ordinary transformer. As they get to 
going faster, they would naturally fly out into orbits 
of larger diameter, excepting only that during the 
same time the magnetism of the big magnet is in- 
creasing, which again pinches them down into a 
smaller orbit. By careful shaping of the pole pieces, 
it is possible to make things come to equilibrium so 
that the negative electrons travel in a very narrow, 
well defined orbit. The electrons reach their maximum 
speed at the end of the first quarter cycle, by which 
time they have traveled a total path of some 800 
kilometers. Relativity, which interferes with the 
nicely timed acceleration of the ions in the conven- 
tional cyclotron when the speeds approach the speed 
of light, as happens in electron acceleration, interferes 
not at all with this accelerator because the curvature 
of the path depends on the momentum of the particle, 
and it makes no difference what portion of the momen- 


tum is assigned to mass and what portion to speed. 

Just before the end of the first quarter cycle, a 
heavy reverse current is shot around the magnet from 
a condenser, which quickly reduces the magnetic 
field in the big magnet, and so lets the whirling electrons 
fly out into an orbit of larger diameter. As the orbit 
expands, the electrons begin to run into the back of 
the electron injector, which is made of heavy tungsten, 
so that it becomes the target of the x-ray tube. 

The x-ray tube current ends up at only about one 
microampere, but on account of the extremely high 
voltage, the efficiency is enormously increased so that 
about 65 per cent of the energy in the cathode beam is 
actually turned into x-ray energy. The output 
measured at one meter distance with a Victoreen 
roentgen meter is 16 r per minute. A large quantity 
of diffused and transmitted high-speed electrons also 
escapes from the machine. 

The windings of the magnet consist of 81 turns of 
double cable about each pole. The total cross-section 
of the double cable is equivalent to a single rod of 
copper 0.4 inch in diameter. The cables are insulated 
with 0.005-inch glass tape. When the whole 162 
turns are in series, the coil current runs 106 amperes 
and nearly 17,000 volts at 180 cycles per second. 
This would be 1,700 kilowatts if it had to be supplied 
by the power lines. However, the stratagem has been 
adopted of building the magnet into a tuned circuit 
with a large condenser bank (5.5 microfarads) so that 
its natural frequency is 180 cycles per second. The 
loss in the condenser bank is 6 kilowatts, and the 
iron losses are 20 kilowatts. This power loss is sup- 
plied by a six-turn primary winding around the coil 
boxes, which is supplied from the 700-volt frequency 
tripler. 

X-rays produced at twenty million volts get into 
the cosmic ray range, and are capable of producing 
nuclear disintegrations. The high-speed negative 
electrons which escape from the machine have ten 
times the energy of the most penetrating beta rays 
from radium, and are enormously penetrating in 
flesh. Their method of absorption in the body differs 
from that of x-ray in that they run out to a definite 
range (something on the order of 10 cm. for this energy) 
and are there absorbed in a comparatively short 
distance. There is a possibility with these high-speed 
beta rays, therefore, that one could produce very 
large depth doses with very small skin doses. 

[Two papers on the Betatron appear in this issue 
of Rapro.oey, pp. 115 and 120.] 

R. R. NEWELL, M.D. 


EXPERIMENTAL STUDIES 


Studies on the Value of X-Ray Therapy in Experi- 
mental Gas Gangrene Infection. E. Singer. M. J. 
Australia 2: 1-3, July 4, 1942. 

The author has carried out experiments on groups 
mice which were infected intramuscularly with 


Clostridium welchii or Vibrion septique. In one Series -- 


‘ay therapy was combined with local applications 
of sulfanilamide powder. Single doses of radiation 


of 50 or 100 r were given. When sulfanilamide was 
used the application consisted of 2.6 mg. The details 
of the experiment are presented in tabular form. 

The author concludes that the x-ray treatment of 
mice infected intramuscularly with either Clostridium 
welchii or Vibrion septique is ineffectual. He believes 
that the demonstration of Clostridium welchii in a 
wound does not necessarily indicate gas gangrene since 
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the organism occurs as a normal saprophyte in the 
intestines, the mucous membranes, and in the skin. 
He also states that it is unusual for gas gangrene to be 
due to only one of the anaerobic organisms. He 
believes that a mixture of pathogenic and apathogenic 
anaerobes together with aerobes participate in the 
clinical entity of “‘gas gangrene’’ in contrast to ex- 
perimental infections with pure cultures of high 
virulence. It is his opinion that wounds containing 
a mixed flora of low virulence, some of which are gas 
gangrene organisms, will respond to x-ray therapy, 
while the pure, highly virulent infections will not 
yield to such treatment. He regards sulfanilamide 
and antitoxic serum as the treatment of choice for 
the virulent type of gas gangrene infection. The 
serum therapy acts only on the toxemia and does not 
affect the bacilli, while the sulfanilamide kills or 
prevents the multiplication of the organisms 
Dona_p R. Larnc, M.D. 


Action of Roentgen Rays on Rat Testicles. H. von 
Wattenwyl. Schweiz. med. Wchnschr. 72: 765-766, 
July 11, 1942. 

The work here described was undertaken with the 
idea of injuring the testicles of rats and studying the 
influence of various hormones on their regeneration. 
Control studies of regeneration without hormone ad- 
ministration are reported in this paper. Doses of 


from 60 to 2,400 r (factors not given) were administered 
and the testicles were examined four to fifty days later. 
The findings confirm those previously reported by 
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Regaud and by Schinz and Slotopolsky. The spery 
ogonia were the most sensitive cells, showing cha 
after the smallest dose given. The injury to ¢ 
“‘mother-cells” (sic!) led to a gradual disappez 
of the generative cells in the canaliculi. With 
creasing doses, this change occurred faster, and 
generation was longer delayed. With heavy de 
all cells in the seminal epithelium were injured. W 
doses of 2,400 r the spermatozoa were injured 
atypical mitoses and giant cells were seen; ig 
stitial cells remained uninjured even with these } 
doses. Histologic examination of the epididymis 
also made, and this gave an answer to the question @ 
the fate of the damaged epithelium. The epitheligg 
of the epididymis remains undamaged, but the conte 

of the ducts changes from spermatozoa to seps ; 
epithelial cells. Such damaged epithelium can , 
be recovered in the ejaculate. A phase immediate Ps 
following radiation during which normal spermatozoa) 
are found in the ejaculate, and which becomes shorter! 
the greater the dose, suggests that the dam 
epithelium crowds spermatozoa still in the epidid 

out into the seminal ducts. Test of this hypothesieu 
by mating the irradiated animals with normal femalegy 
shows that there is in fact a period of normal fertilityyy 
followed by a period of lessened fertility, followed 
turn by a period of normal fertility. After 1,800 3 
fertility is abolished in four days, although morpho 
logically the ejaculate is normal. The offspring in they 
second and third generations following radiation have® 
been studied and found normal up to the time of the® 
report. Lewis G. Jacoss, M.D. & 
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